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The exact chemical content of each 


of steel is determined by laboratory 





CESt{s 








Jominy End-Quench Test interpretation 


gives accurate heat treatment response data. 





Tensile strength tests are used to double chec! 


the exact physicals attainable with this alloy 








Each bar of steel is identified with stamped Inspection before shipment guarantees that 


heat symbols and painted color marks. the steel delivered is exactly as was ordered 








’ ’ 
A Ryerson Alloy Steel Report containing 
complete data as determined by tests (accu- 


rately charted, fully explained), is supplied 


with every Alloy shipment at no extra cost. 











We believe it will pay you to use this unique Alloy Steel Service. 
Your inquiries and orders will have our prompt, personal attention. 


JOSEPH T. RYERSON & SON, INC. - Steel-Service Plants: Chicago, Milwaukee, St. Louis 
Detroit, Cincinnati, Cleveland, Buffalo, Pittsburgh, Philadelphia, Boston, New York 
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Foundry 


Developments in Gray Iron and Malleable 


By G. Vennerholm 
Ford Motor Co., Dearborn, Mich. 


N analysis of wartime developments in_ the 
A foundry industry cannot be entirely confined 
the wartime emergency, but must, in many 
inches, cover a longer period of time. Many ot 
developments which have formed such a vital 
in the success of our armament program 
stitute an evolution of methods and theories 
wn to the foundrymen in the past but utilized 
vy to a limited extent or not applied at all. 
With the outbreak of war in 1941, it soon 
ime evident that a critical shortage of manu- 
uring facilities in many fields of industry, and 
rlicularly in the forging industry, would seri- 
sly retard the production of implements of war 
less a rapid solution could be found. It was 
ly natural that the minds of many engineers and 
esigners turned to the foundries in the hope ol 
solving the problems through the use of castings 
ither than forged or wrought assemblies. 
| believe it can safely be said that the foundry 
ndustry in general has done an outstanding job 
n handling their many difficult assignments in 
the past five years, and that this is best evidenced 
by the great variety of parts formerly made by 
other methods of manufacture which were con- 
verted to castings. It is my intention to review 
some of the progress made in the gray iron, mal- 
eable, and steel casting industry, directly or indi- 
rectly as a result of the war effort, and discuss 
some of the metallurgical and other developments 


vhich underlie this progress. 


Gray Iron 


Judged by the output in tons, the gray iron 
indry forms the largest branch of the ferrous 
“asting industry. This in itself indicates the vital 
it gray iron played in war. When it is further- 
lized that not many years ago an iron of 


i 


000 psi. was considered a high-test iron, 





whereas today considerable tonnages are produced 
testing as high as 70,000 and 80,000 psi. in tension, 
it is evident that its usefulness as an engineering 
material has been greatly increased. 

The extensive metallurgical research during 


the last few vears has also helped to remove some 


of the prejudice against gray iron. It has fr 
quently been termed “weak”, “brittle”, and “unre 


liable” by many engineers who do not seem to 
realize that gray iron is one of the most complex 
metallurgical alloys, capable of a wide variety of 
forms, and a very important engineering material 
with an extensive field of utilization for highly 
stressed parts. 
Melting Practice Although electric and othe: 
furnaces have found considerable application in 
the gray iron foundry, the cupola still remains the 
all-important melting unit. Extensive studies of 
cupola operation have resulted in greatly improved 
metallurgical control and a better understanding 
of the detrimental effect on the iron of certain 
products of combustion. It has been found, in 
particular, that excessive amounts of hydrogen 
when present in the structure of iron have a 
pronounced embrittling effect; hydrogen increases 
the carbide stability, tends to produce chill spots, 
and to promote porosity, When moisture enters 
the cupola with the air and immediately strikes 
the white hot coke it is decomposed into hydrogs n 
and oxygen. This absorbs heat has a chilling 
elTect. 
the nascent state, is exceedingly active in its action 


Likewise the hydrogen, being mainly in 
on the hot iron it meets. An interesting illustra 
tion of the effect of hydrogen in gray iron is shown 
in Table I on the next page, quoted from a 
research carried out by J. E. Hurst in England 
and reported in Metallurgia tor December 1944 

It may be of interest to see what seemingly 
insignificant fluctuations in humidity actually 
amount to under extreme conditions. On a cold 
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Table I— Gases in Silicon-Iron Alloys (Hurst) 














CONDITION OF IRON OXYGEN * | NrrrRoGEN* | HYDROGEN? 
Sound 0.0009 0.0037 1.40 
Sound 0.0010 0.0034 1.71 
Sound 0.0008 0.0028 1.94 
Sound 0.0011 0.0036 1.96 
Porous 0.0100 0.0040 6.99 
More porous 0.0190 0.0042 10.08 
Very porous 0.0110 0.0027 5.05 
Very porous 0.0117 0.0041 10.5 

*Weight %. Ce. per 100 g. metal. 


dry day, with the temperature 30° F. and 30% rela- 
tive humidity, the air contains 0.8 grain of water 
per cu.ft. Compare this with 14.4 grains on a 
warm, moist day, with the temperature 90° F. and 
90% relative humidity. For a 90-in. cupola requir- 
ing 9650 cu.ft. of air per min., we find that 7% gal. 
of water enter the cupola with the blast every 
hour in the first instance, whereas this figure 
increases to 160 gal. per hr. in the second instance 

a potent factor on the quality of 
the iron indeed, which is too often 





phur (normal for gray iron) down | 
max. for each element. 

Inoculants— The most far ic] 
advance in gray iron metallurgy in recent 
has been accomplished by means of , 
inoculants. These inoculants as used found 
metallurgy apply to various types of graphit 
ers or stabilizers or combinations of both. 7) 
are usually added to the stream of metal {; 
furnace to pouring ladle. 

In order to understand the effect of t 
inoculants on the iron and the great iner 
in uniformity, strength, and soundness wi 

has been accomplished through the extens 
research which underlies these seemingly sim 
additions, let us consider a few fundamental | 
In normal gray iron, the structure is compos 
of pearlite, randomly distributed graphite, ar 
free ferrite. The amount of the ferrite and 
size of the graphite flakes depend upon th 
bon and silicon in the alloy. Frequently, however 
the graphite occurs in very fine form arranged 


Table Il — Gray Irons Before and After Inoculating With 














I LcleAg > vs “eye . vs ‘ 
neglected. Nickel and Silicon (International Nickel Co. Data) 
The careful foundry metal- 
lurgist will offset this condition as Mepium Carpon (3%) | Low Carson (2 
. ‘ . *« r " ‘roe =% ay > . . m5u8 oe ed ey aco 
well as he can by increasing the coke epee ceenren sou De ares es 
charge as the absolute humidity — — 
rises. This procedure requires con- Tensile strength 39,700 psi. | 43,600 psi. 38,000 psi. 60,0 
. ac os Transverse loa 2,520 3,160 3,240 Ib. 9,170 It 
stant attention and eliminates only isverse load 92 Ib. 3,161 Ib. 3, 40 Ib a 
t of the t ble. The t t ‘ Deflection 0.253 in.* | 0.381 in.* | 0.078 in.7 | 0.1ot 
a ee ee Izod impact 22 ft-lb. | 38 ft-lb. 17 ft-lb. 31 ft 
is maintained but the hydrogen is 
still there. The most satisfactory *18-in. span. 712-in. span. 


solution has been found by moisture 

control units. There are today a number of these 
controls in several foundries; the results indicate 
that an important advance has been made. 
Rather than to eliminate the moisture entirely, 
most of these units control it at a definite level, 
usually 3 grains per cu.ft., with resultant uni- 
formity of operation. 

Basic Cupola In addition to moisture con- 
trol units in the iron foundry, a development of 
considerable interest and promise is the basic lined 
cupola. Here we have an idea which is by no 
means new but only during the last couple of 
years has it been put to practical application 
mainly through the work carried out by E. S. 
Renshaw of the Ford Motor Co. in England. The 
primary object is to have melting equipment in 
which the phosphorus and sulphur can be reduced 
prior to charging hot metal into bessemer con- 
verters for manufacture of steel castings, but a 
number of applications in the gray iron foundry 
have also been found. Use of a basic cupola will 
reduce the 0.12% phosphorus and the 0.07% sul- 
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a dendritic pattern (identified by a coarse 
dendritic, irregular, dark colored fracture) whereas 
the normal iron generally has a rather light gray 
and smooth fracture. This dendritic distribul 
invariably lowers the strength of the iron du 
the continuous nature of the graphite pattern 
also results in a part with poor wear resistance 
Such irons, furthermore, are subject to chilling 


’ 


since the carbides graphitize at a slower rate, ane 


hence persist as hard substances. Freque ntly th 
two structures — graphitized and white 
occur in one and the same casting and ar 
identical analyses. 

The tendency to form dendritic grap! 
terns rather than random flake graphite 
increased as the carbon content decreases, and 
can therefore be readily seen that the ler 
have been multiplied with the developm: 
modern high strength irons which ordina 
comparatively low carbon. 

Conclusive proof of the manner of formal 
of the different types of graphite has pee! 











vidence indicates, as pointed out by 


T. Eash in his paper* on “The Effect of 

9 I lation on the Solidification of Gray Cast 
.”, that the random type of graphite separates 

m the liquid during the freezing of the eutectic 

ture, whereas the graphite arranged in a 

ndri pattern occurs in irons which solidify 

th etastable iron-carbon system as white 


the eutectic carbide, formed during solid- 

subsequently decomposes in the solid 
rm iron and graphite. 

rhe effect of the inoculants of the graphitizing 

up (which consist of strong graphitizers such 

s Si-Ca-Ti alloys, Si-Ni alloys, or silicon carbide) 

s to produce fine graphite nuclei in the molten 

tal which promote the formation of the random 

sraphite. Due to the large number of nuclei 

ed, the graphite flakes are of moderate size 


| are of uniform distribution. In comparison 
h irons with coarse graphite flakes, fine graph- 

ises the tensile strength as well as trans- 

se deflection without appreciably increasing the 

dness. Freedom from dendritic type of graph- 
furthermore, increases the resistance to wear. 

is shrinkage is a direct function of percentage of 

- mbined carbon, the effect of the inoculants in 
lucing the chilling tendency also results in 
reased soundness and uniformity of structure 
hardness) all of which are of particular 
mportance in castings with varying cross sections. 


*Presented before a gray iron session at the 





J {merican Foundrymen’s Association convention (New 
, rk City) May 14, 1941. 


Fig. I Strong Inoculated Irons Without Increased Chill 








The increased use of alloying elements in 
modern high strength irons, such as chromium, 
molybdenum and similar carbide formers, has not 
only increased the need for graphitizing inoculants 
but has also resulted in the development of 
so-called stabilizing inoculants The latter are 
alloys of chromium, silicon, manganese, molyb- 
denum and titanium, in various combinations; by 
using them, alloy additions can be made to a bast 
iron without the difficulties encountered when the 
same are added as ferro-alloys 

The effect of inoculants in improving physical 
properties is best evidenced by Table II which con 
tains results obtained by International Nickel Co 


carbon 


on a medium carbon (slightly over 3 


and a low carbon (about 2.25% carbon) iron 


nickel and 0.35% silicon 


by adding about 0.70: 
in the form of a nickel-silicon inoculant 

Figure 1 indicates further the effect of inocu 
lants in combination with alloys in obtaining high 
physical properties without increasing chill 

Mold Atmosphere 
been carried out during the last few years on the 


Extensive research has 


effect of gases in the mold or generated in the 
mold on the penetration of surface defects. The 
cause of these defects appears to be twofold. The 
simpler of the two — generally called “metal pene- 
is caused by infiltration of molten metal 
tightly 


binding a thin layer of sand to the casting. Porous 


tration” 
into the surface of the mold or core, 


areas of the mold or soft ramming is responsible; 
a correction of the sand mix or molding technique 
will usually suffice to cure “metal penetration”. 

A different type of penetra 
tion, which frequently is of 
greater magnitude, is caused by 
the effect of mold gases on the 
metal. Particularly oxygen, 
through the formation of low 
melting oxides which flux the 
surface of the mold, causes a 
layer of sand, iron oxide, and 
metal to fuse to the casting. This 
condition wastes many man 
hours in the cleaning room. Mold 
washes such as silica wash o1 
graphite wash, although some- 
times beneficial, frequently di 
not eliminate this condition 

The effect of mold gases has 
been studied by H. Taylor, of the 
Naval Research Laboratory, and 
by H. W. Dietert and his collab- 
orators in Detroit 
rhe work is of pal 
ticular interest 


Sil because of the very 
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Fracture of Representative Flame Hardened Cast Iron Rounds. Note uniformity of penetrat 
, I / 


ingenious method they adopted to study this effect, 
They inserted steel pins into small, holed-out cores, 
and then heated the assembly to various tempera- 
tures in different atmospheres. It was found that 
when heated in oxygen for a relatively short period 
of time at as low a temperature as 1700° F., the 
pins migrated completely into the sand by the 
formation of low melting oxides. When the oxygen 
was replaced by nitrogen or other inert gas, no 
penetration occurred, 

The effect of additions to the sand of differ- 
ent chemicals and materials, such as wood char- 
coal, starch, urea, boric anhydride, or ascarite, in 
preventing the deleterious effect of the mold gases, 
was also studied. As a result of these and similar 
investigations new molding materials are already 
appearing on the market. These, with new mold 
ing methods, will go a long way toward solving 
the time-consuming and costly defect of “metal 
penetration” in gray iron founding. 

Heat Treatment Although heat treatment ol 
gray iron is by no means a new thing, by far the 
major portion of the output is used in the as-cast 
condition, Considerable progress has been made 
in the last few years and new heat treating meth- 
ods have been developed for particular applica- 
tions. Perhaps the most interesting example is 
the utilization of high frequency induction for 
hardening the internal surfaces of cast iron cylin- 
der liners for heavy duty gas engines. 

Flame hardening of cast iron has also found 
widespread application, particularly in connection 
with camshafts and similar items where localized 
hardening is required to resist wear. Figure 2 
shows some fractures of various types of flame 
hardened irons, and it will be observed that depth 
is uniform, and can be held under control shal- 
low or deep as desired. In connection with 
camshafts, it may be of interest to show a fracture 
through the cam of a Ford camshaft Fig. 3 
where the required wear resistance is obtained 
through careful metallurgical control without 


subsequent heat treatment.) 


The application of isothermal heat tre 
ods for improving the physical properties 
iron has been given considerable attenti 
Of particular interest 
Bartholk 


promising results. 
respect is the work by E. L. 
United Shoe Machinery Co. 
Space does not permit further discussi 
the many additional developments and in 
ments which, together with extensive mod 
tion and mechanization throughout the gray 
industry, have made possible the large « 
tion of cast iron to modern engineering indus! 


Before closing, a few remarks are in order a 
some iron castings which are striking illustra! 
of the technical advances made as a result 
time necessilies. 

Cast Iron Crankshafts 
standing of these is the manufacture of larg 


Perhaps the m 


engine crankshafts for submarines and carg 


Fig. 3 Fracture of Ford Cast Iron Camshaft hi ffer- 
ding 


entially hardened surface obtained by control of 


and metallurgy; no subsequent heat treatment | 
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craft. These crankshafts have not 


a im 


ip an excellent record for service, but 


eliminated one of the most serious bot- 


hat existed because of lack of forging 


G savings in material and machining have 
oo be effected, which is best evidenced by com- 
w the block forged crankshaft for an eight- 
dk marine diesel engine which weighed 
00 Ib. in the rough and 12,000 finished 
hined, with the casting used in place of it 
h weighs only 14,000 Ib. in the rough —a 
stantial saving in both critical material and 


time. Some test results of crankshaft 


~ 


it by Campbell, Wyant and Cannon Foundry 


/ 





lable I Alloy Iron for Large Diesel Crankshafts 
21,-IN. BAR CENTER SURFACI 
e tests 
Spa IS in. 18 in. 
Diameter 1.25 in. 1.25 in. 
Load 2,900 Ib. 9,410 Ib. 
Deflectic 0.494 in. 0.429 in. 
strength 72,700 psi. 78,200 psi. 
julus 19,000,000 
essive strength 203,000 psi. 215,400 psi. 
Shear strength 86,000 psi. 89,800 psi. 
Modulus 6,530,000 7.030.000 
hardness 288 292 











shown in Table Hl. The specimens were 


from bars cast 242 in. round by 36 in. long. 


\ole particularly the high figures for deflection 


rly 42 in. Analysis was 2.65% total carbon, 
-48% silicon, 1.18% manganese, 1.21% nickel, 
17% chromium and 1.15% molybdenum 


Fig. 4 Centrifugal Machine 


Left — for Airplane Brake Drums. (Centrifugal Fusing Co. 


iP? wane 


er 


Pouring Spout Swung 





Centrifugal Brake Drums In the early stage 
of the war, most of the brake drums for ou 
bombers were made of steel, but it was found that 
alter as few as 10 to 20 stops, the heat generated 
would cause a contraction in the drum to the point 
where it had to be removed to free the lining 
and reground. Brake drum material requires also 
a good resistance to heat checking as well as gall 
ing and frictional wear Fhe solution in this case 
was found through the application of the so-called 
centrifuge method, used for manufacturing auto 
motive drums prior to the war, which consists ol 
inserting a corrugated and flanged steel shell 
fluxed and preheated to 1200 to 1400° I 
centrifugal spinning machine and pouring alloy 


Metal-to-metal fusion makes 


iron into the cente 
a unit which combines the supporting toughness 
and strength of steel with the heat and weat 
resistance of the alloy cast iron 

Figure 4 shows the casting machine, with 
pouring spout swung aside to the left The iron 
inalyzes about 3.75 carbon, 0.60 manganese, 
1.50 silicon, 1.50 nickel, 0.35 


0.385 manganese. The high total carbon is well 


chromium and 


distributed to provide resistance to heat checking 
the silicon is low to furnish high resistance t 
distortion. This combination of cast iron fused t 
steel eliminated the early difliculties to the extent 
that 300 to 400 stops per drum are possible with a 
large bomber; the wear, heat checking and crack 


ing of the drum are reduced to a minimum 


Malleable lron 


The malleable industry, which in 1944 pro 
duced something over a million tons of castings, 
has also made rapid advances both through metal 

lurgical researcl and through 


extensive mechanization ind 


to 
modernization in both old and 
new facilities 

\ considerabl increase 
has come from duplex melting 


“ 
oe ' processes, suc h as the combina 
* 


a tion of cupola and air turnace 


or cupola and electric furnace 
where the metal is melted in 
the cupola and then refined 
in these holding furnaces 
Increased uniformity and bet 
tel control have both be en 
accomplished tl ereby 

The metallurgical trend in 
the malleable industry has been 
toward much lower carbon con 
tent This improves the phys 


ical properties ma Opens i 
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much wider field of application best evidenced Some interesting research has been 
by the very large malleable castings used in by Battelle Memorial Institute and other 
mechanized ordnance in heavy rear axle housings to the effect of hydrogen upon the grap! 
for trucks, and gun bases weighing 300 to 400 Ib. of malleable iron. It has been shown th: 
and having sections as much as 4 in. thick. These preheat at approximately 600° F. for 6 
have been successfully manufactured in large successfully removes the hydrogen. This h 
quantities. Figure 5 illustrates the size of some pronounced effect in increasing the numb: 
of these new castings, as compared with the typi- nucleation centers, resulting in much finer te; 
cal prewar castings at either end of the line-up. carbon particles, more evenly distributed. 7 
The trend for the “normal” irons for typical findings have already been put into practic 
light section work has also been toward a some- treatments of this type are now included in 
what lower carbon and higher silicon. This has standard malleableizing cycles in a num)» 
decreased the annealing time required. A _ typical progressive foundries. 
analysis will run about 2.4% carbon and about The outstanding development in the hea 
1.4% silicon, allowing a successful annealing treatment of malleable iron has been the introd 
operation in 25 to 30 hr tion of annealing ovens with controlled atm 
phere, heated wit 
radiant tubes. § 
equipment has great 
shortened the annea 
cycle by eliminating 
old method, of packi 
the castings in boxes 
Uniformity is a 
improved. 

Special types of mal- 
leable irons, such 
pearlitic malleable 
offered on the mark 
under various tra 
names, have found wid 
spread use as substitutes 
for steel castings as wi 
as forgings. 

An interesting de 
opment, which has nov 
been applied on a lars 
production volume )) 

hig. 5 Malleable Castings of Wartime, Compared in Size ser mapa eee - “ a 
With ‘Large’ Peacetime Castings Placed at Either End carbon, high mer - 
, By varying the heat trea 
ment this will produc 
Of considerable interest metallurgically is the structures ranging from finely spheroidized pea! 
effect of tellurium and various other addition ite to a completely annealed matrix composed 
agents as carbide stabilizers in connection with ferrite and temper carbon. This new cast alloy 


phys 


castings of large cross section. In a typical iron particularly valuable because of its excellent | 


for this type of work containing 2.25% carbon and ical properties. Its extensive field of applica! 
1.15% silicon, about 1 g. of tellurium is added per has been further increased by the use ol 


>: 


100 Ib. of metal. lants as described under gray iron. Typical! phys 


The addition of boron to malleable iron has ical properties are: 
GRAPI 


also been investigated in particular by Harry A. 
: . . SPHEROIDIZED (INoct 


Schwartz and it was found that this element 
offsets the stabilizing effect of the carbide-formers Yield strength 68,000 psi. 
; ; ; Tensile strength 105,000 
such as chromium to the extent that 0.001° boron 4 ; q 
H li , lv 0.10% cl , Elongation 18% 
will neutralize approximately . 0 chromium. Siiention of ages 29 o% 
With the rapidly deteriorating quality of scrap Brinell hardness 912 
this effect of boron is of considerable importance. 
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A Review of the Steel Standardization Group's Method 
for the Determination of Critical Points of Steel 


By the Steel Standardization Group 


EVERAL YEARS AGO the Steel Standardiza- 

tion Group* published (Metal Progress for 
lune 1942, page 822) the details of a precision 
method based on dilatometric methods for deter- 
mining the critical points of commercial steels. 
it was postulated at that time that the logarithm 
of the rate of temperature change plotted against 
the temperature of the transformation point (be 
it Ac,, Acs, Ar, or Ar,) yielded a straight line 
relationship and that these straight lines, through 
the heating and cooling values for the same 
change point determined at several cooling rates, 
intersected at a close approximation of the true 
equilibrium temperature of the transforma- 


such as 
E 14-33, 
much 


methods 
the recommended A.S.T.M. 
while equally practicable, do not yield as 


point determinations. ‘Thermal 


practice of 
information. A quenching series is perhaps more 
precise if run at sufficiently small temperature 
intervals, but is laborious and the acquisition of 
complete information is quite time-consuming. 
electrical 


Measurement of electromotive force, of 


resistance, and magnetic properties — all as func 


tions of temperature are capable of at least 
equal accuracy but require elaborate equipment 
and are not suitable for rapid determinations. 


Additional knowledge gained from extensive 






































tion. This assumption underlies the left por ™ 
tion of Fig. 2 (page 1170), reprinted from C 023 % | C 069% 
the 1942 article. pm oer Mn O85 + = 
: , , P Q020 P 00350 / 
Since that time, continued use of _this Ss, _aS eS $ 0027 4 / 
method by several of the cooperating labora- pA ry || Si O24 / 
‘ . 1}.Mo 02 
tories has proved its value by accurately . 0.24 {] 
letermining the critical points of a wide | Ac,; 350% 2 Af 3 r 
variety of steels. Furthermore, the validity x Ac, ; 1370 F val ]} —_ 
. . : r~ ; 4 ; ; i j f — ; 
{ the above fundamental relationships has 2 | 7 + 7 
' | 4 P G | 
heen demonstrated over a wide range of car- 1S \ : { 400% 
. ° ‘= | AC. FU 
hon and alloy contents, from plain carbon © S {ows 
' . . . > | 
steels through many of the intermediate alloy 8 i ome y { 
grades and, with proper interpretation, to S Acs: 1540 F —]_| J! / 
such notoriously sluggish analyses as S.A.E. Ane Mil || JAn 225% | 
ddd0 and 4340. per inch 7-\—— | | irs b+ 
° Md . | : + ‘ ; ; + / 
in the intervening years the judgment o! aaa | | ons mih VA 
‘he Group has remained unchanged regarding Ap, :1200% | -: af & 
+ Stor : ’ _ lat als Ar, i 1410°F 4 & 
he periority of the dilatometric method la ee oe. S + | 
A ‘ , AES: ’ | Heat 95521, Heating 
ve her commercial methods of critical Heat 16207, Heating and =. and Cooling Rate 
| Cooling Rate:400 %/H?P, / Ap, : 1235 & ~ 400 °F /Hr, 

" =_ ° ° . . . morn . Phi Snery ny /arnth. df 
| informal organization, described briefly SPECINEN LENIN: 4 / OPECITIEN LENG ff 
tics Oi 9 e y ea > ( of. ¢ , _— —— dae -_ = 
| cal Points” for Nove mber 1941, of met 1000 1200 1400 145600 WOO 200 1400 600 
Ss for Bethlehem Steel Co., Carnegie Temperature, 

Steel Corp., Chrysler Corp., Great Lakes * oe : 
st rp., Pittsburgh Crucible Steel Co.. Fig. 1— Dilation Ws. Temperature Curves for Two 
Steel Corp., and The Timken Rolle: Carbon-Molybdenum Steels, Using the Standard Test 
. “o., Steel & Tube Division. Cycle and Temperature Change of 400° F. per Hr. 
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use of the dilatometric method has necessitated period at that temperature affect the A 











some revisions and additions to the method as making it necessary to control these vai ‘ 
originally published The revised procedure as 3. Test CYcui The following tes 
contained in the publication of the Steel Stand- recommended: 


ardization Group entitled “Precision Methods olf 
Steel Testing” follows. 


(a) Heat to 100° F. below approximat 
(b) Hold at this temperature 30 min., t 
mate equilibrium conditions. 








The Dilatometric Test (c) Heat at chosen rate through Ac, pl 
(d) Heat rapidly to 150° F. above obs 
Sawpri The sample shalt be o cylinder (e Cool rapidly to observed Ac plus Z | 


(f) Cool at chosen rate to Ar, minus 2 
either encompassing the entire cross section of the 















ingot or taken in such a way that the exact chem- t. INTERPRETATION The A, and A 
istry of the sample is known. The sample shall points of steel are reversible changes of st 
be drilled to accommodate a thermocouple bead hence each should occur at a definite tem 
at its center. The length and diameter may be under equilibrium conditions. Physical i: ' 
adjusted to suit the equipment but the specimen hysteresis, however, causes divergenc: 
must be long enough to produce easily determined observed point at appreciable rates of heating 
dilatations and of sufficient diameter to be rigid. cooling and this divergence increases with 

2. HEATING The furnace must be able to in rate of temperature change (see Fig. 2 
heat the sample uniformly over its entire length Figure 1 shows typical dilatometric « 
and to a maximum temperature variation of 10° F. and the method of selecting the critical p 
The rate of temperature change must be rigidly from the curve. It will be noted that the e 
and automatically controlled in order for results points are taken as the points at which th 
to be reproducible and of any meaning. The of change of specimen length with respect to { 
maximum temperature attained and the holding perature is zero. It is recognized that theore! 


the critical points s! 
be the first and 




















































500 T T -~ ~ wm T a ’ ! 
[ | | er i T - ae ti i points at which a cl 
00 r 7 e Ar i] in the slope of th 
300 e AG; | * ; 
ic | Ac. | is discernibl 
o Ay : 
201 s AA 4 t * Ar, 7 | method indicate 
, > * Ar . 
x Aly i” | 5 convention ge! 
100 \a a | 4 | | oy 8 used because th 
= - } j 4 , i 
; Si { Ar; ! | | * t of zero rate of chang 
¥ 60} "7 : } a | more readily picked | 
~ muy AC As Ay ani 
s 40 ? * : 'c rl ‘Cs | the curve. The results 
& __ the conventional n 
Ss A Ar xe area — . | 
| sn 4 ie ¢ i are more neariy - 
¢ zu x c 
= \ ducible than results 
S l the theoretically 
. y 4 ‘ 1£ 43 { m1 rf method. The crit 
8 + 
= = | . vr = points determined by 
8 Dn 7 \ conventional method 
‘. 4 . a \ | Ae Sis 
> fe) oT a deemed sufliciently 
& z »,909 GO" 
& ‘ > tl rate for most purposes 
i N ; \ i — In many cases 
At 34 | ] v 3 ° 
\ | " I/o F necessary to know ' 
10 \ critical points al i 
Q 900 800 I000 1200 FOO 600 ent rates of temp 
feat 16207 heat 9552) + 
? Stee! A 4023 Stee! AIOE a, : . 
. (08 : | . 068 Fig. 2 Semi-Logarithmic Charts Showing Critica 
13 t , , ; 
‘ Points of Three S.A E. Steels as Deter mined at Differ ! 
02 i Ae; 1510°F Rates of Temperature Change, and the Method of Extra 
Ae, 1305 J / { 
Ae, 1305 F, polation for an Approximate Equilibrium. {t left ar 
1 oe 1 = l Ly data for two low-alloy steels (carbon-molybdenum, S.AS 
’ ry) 1 ? s , IBY af fy) * : é ‘ 
1200 1500 400 5a 6UL 1200 1500 pond 1000 series) and at right for steels like S.Ab. 434 
Transformation Temperature, %. Aés 3650 F : 





with “split” transformation on cooling at certain rat 
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lor ordinary heat treating, the Ac, point 
d rate of heating is desired; for sphe- 
anneals, practically the equilibrium A, 
quired; and for handling large sections, 









ly of sluggish analyses, the Ar points at 





rates of cooling are very necessary informa- 
fhe determination of critical points at rig 
‘ trolled rates of temperature change of 







100 and 10° F. per hr. is recommended when 





information is desired. 





REPRESENTATION OF RESULTS The critical 





values obtained at various rates are best 
S d by plotting the logarithm of the rate of 
perature change versus the temperature of the 







umsformation and drawing the best straight line 





ugh the values at different rates for the same 





tical point. A typical example of this method 


presentation is shown in Fig. 2. From such a 


t the critical points at any desired rate of tem- 







jture change may be read directly. The point 





intersection of the lines for the same trans- 
ition (that is, the Ac, and Ar,) is a good 

mation of its equilibrium transformation 
perature. It is true that such curves should 











retically approach each other asymptotically 
zero rate but if the straight lines intersect at or 
w 0.0o° F. per hr., a straight line is deemed 
ficiently accurate. 
6. PRECAUTIONS Some precautions are nec- 
ssary in applying this method of representation 
those cases where the steel undergoes trans- 
rmation in two temperature ranges over certain 
ations in cooling rate. Such split transtorma- 





tions are characteristic of the highe1 alloy steels 
in the range of cooling rates of commercial intel 
est. Under such conditions the transformation of 
austenite to a pearlitic product is not complete 
in the time allotted by the cooling rate imposed 
and the balance of the austenite decomposes into 
bainite at a considerably lower range of tempera- 
ture. It is, therefore, valid to use only the uppet 
value of the two recorded transformation end 
points in the semi-log plot to determine the A¢ 
temperature. Furthermore, the end of the pearlite 
transformation is usually not distinet enough for 
satisfactory accuracy unless more than one-hall 


of the austenite has decomposed by this time 


Comments 


The principal addition to the text published 
in 1942 comprises the precautions involved in the 
interpretation of data for steels whose S-curve 
has a double loop. The right-hand portion of Fig. 2 
illustrates this condition as applied to a sample ol! 
S.A.E. 43840. The Ar, transformation at rates ol 
25° F. per hr. and below only can be used in the 
graphical estimation of the Ae, temperature \I 
this and higher rates, bainite starts to form and is 
substantially complete only at much lower temper 
atures. The lack of variation of the bainite forma 
tion temperature with change in cooling rate is 
undoubtedly due to the flat character of the lowe 
loop of the S-curve for this steel See “Atlas of 
rransformation Diagrams”, U. S. Steel Corp., pag 
64, for S-curve of S.A.E. 4340 rs ] 


Bits and Pieces 










Soldered Versus Double-Seamed Closures 





rent courses. 





A place for metallurgical and production ideas — 


An A.S.M. book of your choice for publishable items 


FFORTS to conserve tin have followed several 
There was, for example, 
niimited development in the field of low-tin sol- 
‘. Brazing, soldering, and welding techniques 
Wer idied and changes made to effect economies 
instances. One development which proved 

lage, not alone from the standpoint of 
servation but also because of resulting 

in manufacturing efficiency, has been the 
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adaptation of a double-seamed closure on casings 
for capacitors. 

Solder has been completely eliminated from 
the cover seam of capacitor units of a standard 
design by mechanically spinning the cover onto 
the body of the can. Billions of food cans have 
been closed by this method, and the use of auto 
matic machinery to perform the operation on 
round or rectangular cans is an obvious manu 
facturing improvement However, the successful 
application of double-seamed closures on capaci 


tors Was dependent on the selection of a propel 

























metal sealing adhesive which bonds together the 
cover and can body, for the completed capacitor 
is subjected to a heat treating cycle before the 
item is ready for shipment. Other vitally impor- 
tant properties of the metal cement are lack of 
contaminating effect on the liquid dielectric and 
permanent seal through the fluctuating tempera- 
ture cycles encountered by the capacitor in use. 

The fact that these divergent requirements 
have been successfully met, and in a commercial 
(cost-competitive) way, indicates that the possi- 
bilities of the so-called mechanical joints have not 
yet been adequately explored. (C. H. Hannon, 
Pittsfield works laboratory, General Electric Co.) 


Hardening of High Speed Tools 


SUPERIOR method of hardening milling cut- 

ters, reamers and other tools made of high 
speed toolsteel, without benefit of atmosphere 
controlled (?) furnaces, has been used by Tube- 
Turns, Inc., for some time. 

As shown in the sketch, we place the work 
on a piece of firebrick inside a lidded container 
and fill the container to the level of the brick with 
carbonaceous material such as charcoal or carbu- 
rizing compound or a mixture of both. (Needless 
to say, the work should not 


come in contact with the liod— 


compound, as a fusion into 


COC CCREOEROEPEEE DEED 


the metal would occur at the 
temperatures required.) 

For high speed harden- 
ing the container should 
have a removable lid in order 
to reach work quickly when 
it is time to quench. 








Ultrathin Nickel Ribbons 


RODUCTION of uniform nickel ribbons 4s | 

as 0.1 micron (0.0001 mm. or 250,000 per jy 
for bolometer* filaments has been satisfactory) 
done by electrolytic methods. First a suitable piece, 
of copper foil about 0.002 in. thick was foldeg 
around the edge of a 6% by 8-cm. copper plate ang 
then immersed in the electrolyte, and connected 


cathode. Nickel was deposited only on one fac 
of the foil. The anode was “pure grade A nickel 


The electrolyte was made of chemical reagent; 
NiSO,:6H,O 120 g. per liter; NH,Cl 15 g.; H 
15 g.; pH was adjusted to 6. Plating was at roo: 
temperatures; 0.10 ampere for the above cathod& 
Plating time for the thinnest deposits was 5 mir 

The plated copper foil was then removed fr 
the plate cathode and sheared into ribbons | 
mm. (0.015 in.) wide by 2 in. long and two of then 
soldered by their ends to a platinum wire fram 
When the ribbon was fixed to the platinum fram 
the copper was dissolved electrochemically. Th 
electromotive force of metals in potassium cyanid 
solutions indicates that copper in contact with 
platinum should dissolve readily and that nick 
should dissolve with much less ease. The fram 
with the nickel plated copper ribbons was ther 
fore immersed in a concentrated solution of potas 


99 


sium cyanide. The copper dis 
solves, going into solution as 
complex copper cyanide, whil 
hydrogen gas is evolved at th 
platinum frame. Heating to aly 
“Works 50° C. accelerates the solutior 
Box When action ceases the fran 

with the thin nickel rib- 


bons attached must bh 





The standard procedure 





we 2: Yj 


LOLPPUPEEOOPEREPBEIEPEEPEEFUEEER IEEE MELEE © 


of high speed hardening may 
then be followed, allowing 
ample time for heat to soak 
through the container to the 
work. The carbon compound serves to neutralize 
the oxidizing atmosphere originally inside the 
container. 

Typical results obtained on a standard 18-4-1 
high speed steel treated in this manner were: 

1. As quenched, surface hardness, C-64. 

2. As quenched and ground 0.025 in., C-64. 

3. After double draws of 2 hr., C-65. 

A slight case may develop in some instances 
but is not detrimental for most applications. This 
method is believed to be superior to the messy, 
hit-or-miss practice of protective coatings for open 
furnace hariening. (THeopore F. Burcu, die heat 
treating department, Tube-Turns, Inc.) 
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N—Fire Brick 


Carbonaceous 
Material 


vent the surface tension ol 


the ribbons. 
These filaments 
appear to possess the ele 
trical properties of bulk nickel. The method 
described is not restricted to nickel; thin bismuth 
ribbons have been prepared by the same proced- 
ure. (FRANK G. BrROCKMAN, research laboratories 
North American Philips Co.) 


*Epitor’s NotrE—aA bolometer is an instrument 
for measuring minute quantities of radiant h 
absorbing the heat in a blackened metal stry 
measuring the associated change in electrical resist 
ance of the strip. Astronomers have used it to meas 


>a 
tt 


hy 


ure the heat of stars. .Spectroscopists have us¢ 
explore the infrared spectrum. When associate 
proper amplifying and recording devices, a 
drawing instrument can map the infrared 
region of hydrocarbon mixtures in 25 min. 


raised very slowly to pre- 


the liquid from breaking 





\ 








Fisheyes 





Effect of ‘‘Fisheyes’’ on Impact Strength of High-Tensile 
Manganese-Titanium Steel Plate* 


By M. R. Gross, W. R. Angell and G. D. Marshall, Jr. 


Respectively, Metallurgist, Materials Engineer, and Lieut-Commander, U.S.N.R. 
U.S. Navy Metals Laboratory, Munhall, Pe. 


A EARLY AS 1863-St. Claire-Deville and Troost 
observed that hydrogen would diffuse 
through solid steel, but it has remained for more 
recent investigators to determine that this smallest 
ind lightest of elements is definitely associated 
with certain defects found in steel products. In 
1907 Sieverts began publishing the results of some 
theoretical studies of the pressure-temperature- 
solubility relationships of hydrogen in steel. The 
ise of alloy steels for heavy ordnance during 
World War I was accompanied by the revelation 
f faults variously described as “snowflakes”, 
“scabs”, “lemon spots”, “goose eggs”, 
“silver streaks”, “shatter cracks”, and “fisheyes”’. 
Railroads have long been plagued with similar 


“flakes”, 


failures in steel rails. 

Investigators observed that “flakes” 
appeared in tensile fractures and macro-etch tests 
were associated with nonmetallic inclusions. Log- 
ically enough, the earlier theories of the origin of 


which 


lakes advanced inclusions as their primary cause, 
and emphasis was placed on metallurgical pro- 
cedures necessary for the production of clean steel. 

With the decrease in heavy ordnance produc- 
tion in the early 1920’s American interest in flakes 
and allied defects waned and, significantly, the 
technical literature on the topic between 1922 
and 1940 is predominantly of German origin. 
Data accumulated prior to 1935 indicated that 


flaking in steel was associated with internal stress. 
However, in 1935 Houdremont and Korschan 
showed that flaking occurred during cooling from 


elevated temperatures and was dependent on the 
which the steel passed through a range of 


he opinions or assertions contained herein are 

the authors and are not to be construed as 
or reflecting the views of the Navy Depart- 
me the naval service at large. 


t 





temperature in the vicinity of 400° F. By demon 
strating that forging stresses and stresses due to 
transformation, as well as segregation and gas 
inclusions, did not in themselves constitute the 
cause of flaking, these investigators refuted the 
earlier theories. They also focused attention on 
hydrogen, the possible effects of which were 
neglected in earlier theories. 

Cramer and Bast reported, in 1939, the results 
of treating molten steel with hydrogen, and con 
cluded that this gas played an important role in 
the development of flakes in steel. In 1940 Zaptte 
and Sims collated the available information and 
advanced a theory to explain the mechanism of 
hydrogen embrittlement. Subsequently, Houdre- 
mont and Schrader, working from a_ practical 
rather than an academic standpoint, reported the 
results of extensive investigations which proved 
beyond reasonable doubt that the presence of 
hydrogen is an indispensable precondition for the 
formation of flakes. 

The foregoing paragraphs have attempted to 
outline briefly the development of the theories 
associating certain internal defects in steel prod- 
ucts with the presence of hydrogen. A _ bibliog- 
raphy listing the publications in which these early 
investigations are described will be found on page 
1178. From the available information the follow- 
ing concepts appear to have been established: 

1. The solubility and permeability of hydrogen 

in steel decrease with decreasing temperature. 

2. Occluded or trapped hydrogen in solid steel 
tends to diffuse to the atmosphere and will even 
tually approach equilibrium solubility conditions 

3. Monatomic hydrogen diffuses more readily 
through steel than molecular hydrogen 

4. Under certain conditions of cooling, hydro- 
gen gas collects in the vicinity of discontinuities in 
the metal and attains pressure of sufficient magni- 
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local embrittlement or rupture, thus 


tude to 
giving rise to “flakes” 
critical 


cause 
or “fisheyes”’. 

>. There is a and volume of 
hydrogen required to cause a specific type of defect. 
from reducing 


pressure 


6. Hydrogen may be absorbed 


furnace atmospheres and carburizing compounds. 


7. Flaking may occur in susceptible steels 
when they are cooled at a rate exceeding some 
critical rate between 750 and 100° F. 


8. Flaking may be caused solely by the action 
of hydrogen, but when the hydrogen content is 
not unusually high it must be assumed that stresses 
from other sources form a part of the cause system. 

9. Superimposed stresses can change the orien- 


tation of flaking. 


10. Segregation of metallic constituents has 
little influence on flaking. 

11. Certain steelmaking processes are more 
susceptible to hydrogen absorption than others. 

12. Certain chemical compositions are more 
susceptible to flaking than others. 

13. Hydrogen is more soluble in gamma iron 


than in alpha iron. 

Kingsley claims to have successfully avoided 
flakes in over 25,000 tons of alloy steel billets by 
a cycle cooling treatment. Such a method for the 
prevention of flakes and allied defects must incor- 


porate the efficient utilization of the foregoing 
concepts. 

The term “flaking” as used herein refers to 
the phenomenon whereby the wrought metal 


develops minute, spontaneous, internal ruptures 
in the absence of externally applied stresses. A 
distinction is made between “flakes” and “primary 
crystal boundary cracks” in the ingot 
stage. Flaking in the above sense occurs only 
after hot from 
boundary cracks by the smaller size of the rup- 
tures and independence of the primary crystal 
small 


occurring 


working and is distinguishable 


system. The term “fisheye” refers to a 


bright area in the otherwise dull background of a 





Fig. 1 


Tensile Steel (Manganese-Titanium Welding Grade). 


Typical Fisheves in 
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Tensile Fractures of High- 
lls 





freshly fractured surface. The areas ai 
circular and usually surround a minut 
inclusion, resembling the pupil of the eye. Flal 
in the fabricated 


observed on machined sections by etch 


exist material as and may 


magnetic powder methods. Fisheyes do t ex 
in the unfractured 
do not respond to 


as such metal and theref 


etching or magneti 


inspection. 


Numerous examples of fisheyes have com; 


Enlarged View of Fisheye. 8» 


Fig. 2 





the attention of the authors along with other s 
ples of hydrogen-associated defects. They ha 
been observed in the fractured ends of tensile 

inspection testing 
The majority of 


of roll 


after routine 


plates and shapes. 
have been found in test bars represent 


bars 
+} 


high tensile strength material of Na 
welding grade, of the manganese-tilaniu 
manganese-vanadium and manganes 
titanium-vanadium types. Examples 

t] 


found in samples of basic openheat 
steel. Fisheyes in % 


but U 


basic electric 


deposits are not uncommon, 
occurrence in hot rolled plates and shaj 
was considered worthy of attentior 
particularly glaring examples are 
in Fig. 1. 

That the fisheyes occur in « 


tion with voids or nonmetallic inc!lus 


is clearly shown by Fig. 2 to 5. The 
verse ruptures shown in Fig. ; 


observed in the plastically deforme 


x adjacent to the fracture and are ! 











Fig. 3 and 4 Longitudinal Sections Through a Fisheye That Dis- 
closes a Cavity at Its Base. Left: 4. unetched: right: 100. etched 















be incipient fisheyes. Careful microscopic ing tests will yield positive results because of the 
mination of the metal adjacent to the bright time involved in conducting the tests anc the pos 
is of a number of fisheyes disclosed no unusual sible alteration of the material under welding con 
tallographic features which would help to ditions. The following investigation of tmpact 
jain them. No other direct evidence that the properties, however, is believed to be significant 
sheyes denoted the presence of hydrogen in the 
el was sought, since it was considered that this Effect of Fisheyes on Impact Properties 
is sufficiently established in the literature (see 
bliography, page 1178). \ 40.8-lb. basic openhearth plate of manga 
kifect of hydrogen content on the service- nese-ltitanium steel that showed fisheyes in the 
ty of the material was investigated by analyz- original test fractures was selected for testing and 
¢ the results of physical tests. Tensile strength, was designated as plate 1. The heat from which 
| point, and elongation are not reduced below plate 1 was rolled had the following ladle analy 
specification limits by the presence of fisheyes. sis: C, 0.14%; Mn, 1.30%; P, 0.0239; S, 0.028 
did appear, however, that ductility Was some- Si, 0.25: Ti, 0.033 This plate was sectioned 
hat impaired in that a significant increase in 


point and venbagpin in elongation occurred in Fie. 5 Ivensverse Ruptures in Plastically De- 
rison test bars which had been allowed to : . 
;' ; formed Metal Adjacent to Fracture. 50%, unetched 
ue turally until such time as the new fractures 
iver showed fisheyes. This is shown by 

l, page 1176. 

Samples from a total of 8&8) heats which 
lisheyes were examined by macro-etching 
magnetic powder methods for evidence of 

The results were negative in all heats, 
s a strong indication that internal stress 
ns in this type of material did not cause 
ous cracking, at least with the maximum 
s of hydrogen present in the heats which 
Studied. 
vas further desired to investigate the pos- 
lects of the fisheye tendency on welding 
es, fatigue properties, and impact proper- 
it is doubtful that either fatigue or weld- 
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Table I — Effect of Natural Aging on Steel Plate No. 2 Cont 


to provide ten tensile con- 
Fisheyes (See also Fig. 6 


trol specimens aligned along 
both sides of the plate, 





. " | ee 

‘ 7 REQUIREMENTS | WITH FISHEYES | No ' 

encompassing the sections aa ‘ 

designated for various tests, Avge (after rolling) 5 days 

Number of tests 10 

Yield point, average 15,000 min 50,870 psi. 
Standard deviation 750 


including impact tests. 
Fractures of control speci- 


mens ol plate | exhibited Tensile strength, average 84.000 max. 70,510 
very few fisheyes and test- Standard deviation 178 
ing was abandoned in favor Elongation in 8 in., average | 206° min. 24.3 
a 40.8-lb. plate Standard deviation 1.11% 








of plate 2, 
from the same heat and 





ingot as plate 1, but show- 

ing the most severe condition of fisheyes so fa 23-41 T on Impact Testing of Metallic M 
observed. Three representative control specimen They were made on an Olsen impact test 
fractures are shown in Fig. 6 at left; see also the machine of 240 ft-lb. capacity and a striking v 
physical properties in Table I. ity of 16.7 ft. per sec. 

The Charpy V-notch impact specimen was The first longitudinal impact specimens 
used throughout this investigation because of its prepared from the grip ends of the plate 2 « 
high sensitivity in detecting the transition of metal tensile specimens and were notched in a p 
from the ductile to the brittle state under high parallel to the rolled surface. The specimens y 
rates of loading. The tests were performed in tested at &0 and 32° F. The results wer 
accordance with A.S.T.M. Tentative Standard high and erratic. Even though the results pi 

to be statistically in cont: 





dispersion was so great, esp 
at 32° F., as to preclude furthe: 
of the data. (See Table II. 

An examination of the 
specimens and fractures dis 
that the erratic results were caus 
by the presence of laminations, bot 
macro and microscopic, in | 
parallel to the notched surta 
These laminations prevented 
normal propagation of the fra 
from the base of the notch. 

A second series of longitudi 
impact test specimens was then p! 
pared from a section of the sal 
plate. In order to minimiz 
to-point variations resulting 
the heterogeneity of the plat 
nate specimens were group 
testing at the specified tempe! 
Also, the notches were locat 
mal to the rolled surface in o! 
subjugate if not entirely e! 
the effects of possible lami 
An attempt was made to rem 
uncertain effects of tool mat 
allel to the base of the n 
lapping with 240-grit grindin 
pound while forcing the sp 
together with a small am 

Fig. 6 — Tensile Fractures From Plate 2 (Slightly En- grinding compound, against a 
larged). At left is fracture appearance of specimens broken ing section of music wire ¥ 
5 days after plate was rolled; at right 32 days after rolling in diameter. 
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Table I1— Charpy V-Notch Impact Tests the present investigation 
The impact tests on 
77 Con - N AVERAGI S FR mn 
ANDITION O} NUMBER OI lesnane STANDARD RACTURI plate 2 were made at two 
‘est SPECIMENS | SPECIMENS DEVIA N |) APPUAHANCE* , 
lt = STRENGTH a APPLANANG temperatures and unael 
four conditions, namely 
Plate 2 (fisheyes); notches parallel to rolled surfac 80° F. and 32° F ond 
-r > 30 177.3 ft-lb.| 23.43 f 7 
. As-rolled ; nh = ft-Ib as-rolled, artificially aged 
9 As-rolled 29 112.1 75.80 Mixed F & B 
naturally aged, and noi 
1. » 9 ; " »<) . > . . 7 . . 
Plate 2 (fisheyes); notches normal to rolled surfac malized Since aging at 
-r , 3 51.9 0.75 > B : 
~ As-rolled ; ol 10.75 Pi moderately low tempera 
32 As-rolled 31 23.9 8.40 B . 
8() Artificially aged 23 63.3 16.94 PB tures is known to acceles 
32 Artificially aged 23 30.9 7.32 B ate the outward diffusion 
85 Naturally aged 6 82.3 8.30 PB of hydrogen and thus alle 
be Naturally aged 0 12.7 10.54 B viate the fisheye condition, 
8°? Normalized 6 107.0 1.40) 1) , ips — 
= a : Ape , testing after artificially 
2 Normalized 6 107.8 1.42 1) ties 
aging at 400° F. for 8 hi 
Plate 3 (no fisheyes); notches normal to rolled surface , ; “m 
. was considered desirable 
80) As-rolled 27 74.3 2.06 D nat ; 
99 aaa to Artificial aging could then 
32 \s-rolled 27 51.7 10.26 PB 
80) Artificially aged 25 72.4 958 D be compared with natural 
39 Artificially aged 27 56.1 7.58 PRB aging. 
In order to determin« 
*F indicates fibrous or woody fracture. 
: the relationship between 


D indicates ductile 
B indicates brittle 
B indicates partially brittle, partially 


It has been suggested during an interchange 
letters between George F. 
(Metal Progress 
that the location of the notch normal to the 
lled surface is illogical because it does not rep- 
sent the condition under which plate material 
would normally be subjected to maximum operat- 
This objection may be adequately 


esen 
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stress. 


fracture. 
fracture. 
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refuted by reports of failures of welded hull struc 


tures 


which 


describe in 


letail the edgewise prop- 


igatic 
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of failures 


through plate materials. 
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particularly when 
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sequences 


are 


or inade- 
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greatest 


stresses to 
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magnitude 


on 
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notch sensi- 
when 
is normal 
surfaces, it 


to 


to employ 
location of the 
performing 





Fig. 7 
Ductile at left; part ductile, part brittle in center; brittle at right 


and the 
November 


formation of fisheyes and 
impact properties, the properties of plate 2 were 
compared with those of plate 3, which was iden 
tical in gage and similar in analysis to plate 2 but 
so far as could be determined) free from fisheyes 
Plate 3 was tested at both 80° F. and 32° F. and in 
the as-rolled and artificially aged conditions. All of 
the essential data concerning the impact tests on 
plates 2 and 3 are tabulated in Table II. 
The types of fractures resulting the 
impact tests are shown in Fig. 7. They vary in 


from 


appearance from completely fibrous through vari- 


ous degrees of crystallinity to nearly completely 





Representative Fractures of Impact Test Pieces, 34 : 
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crystalline, indicating the ns aa m 
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data for the impact tests in 
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ture of test are plotted as 
control charts in Fig. 8 and 
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for reliable deductions. Groups Of & 


9. This convenient criterion 
leaves little doubt that the 
data are sufficiently normal 
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One important observa- 


ti ‘ Fig. 8 Control Charts for Impact Tests on Plate 2 (With Fisheyes 
ion made during the course 
of the investigation deserves 
mention. Since hydrogen diffuses outward during mine the exact condition of the plate at th 
natural aging, eight unfractured tensile specimens the as-rolled impact tests were performed 
were set aside to age for 32 days at the same time important point commercially, however, is 
that plate 2 (containing fisheyes) was originally hydrogen, when present in sufficient amounts 


sectioned. Three representative fractures are shown cause fisheyes but insufficient to cause fla 
at the right of Fig. 6. The difference in fracture of under the existing stress conditions, will b 
the two series is obvious; the difference in ductility pated in a short period of time to yield mat 
is noted in Table I. Unfortunately, the rate of free of fisheyes. Of course, the voids 

diffusion was more rapid than anticipated and sions which localized the embrittlement rema 


consequently no earlier tests were broken to deter- such throughout the life of the material 


“Conditions for the Formation and H. Schrader, Stahl 
Bibliography of Flakes in Steel”, by E. Houdre- V. 61, 1941, p. 649-6093. 
mont and H. Korschan, Stahl und “Flaking of Steel ¢ 
“Sur la Permeabilité du Fer a Eisen, V. 55, 1935, p. 297-304. Hydrogen Absorbed Dur! 
Haute Temperature”, by H. Sainte ‘The Production of Flakes by essing”, by E. Houdrem 
Claire Deville and L. Troost, Treating Molten Steel With Hydro- Schrader, Stahl und Eis: 
Comptes Rendus, V. 57, 1863, p. gen and the Time of Cooling Nee 1941, p. 671-680. 
965-967. essary to Prevent Their Formation”, “Embrittlement of St 
“Zur Kenntnis der Okklusion by R. E. Cramer and E. C. Bast, Annealing in Hydroge 
und Diffusion von Gasen durch Transactions @, V. 27, 1939, p. Houdremont and H. 5S 
Metalle”, by A. Sieverts, Zeitschrift 433-457. irchiv fiir das Eisenhiul 
fiir physikalische Chemie, V. 60, “Hydrogen, Flakes and Shatter V. 15, No. 2, 1941, p. 87-9 
1907, p. 129-201. Cracks”, by C. A. Zapffe and C. E. “Prevention of Flakes 
“Uber die Léslichkeit von Gasen Sims, Metals and Alloys, V. 11, No. Forging Billets”, by P. 5 
in Metallen”, by A. Sieverts, Zeit- 5, 1940, p. 145-151; V. 11, No. 6, Vetal Progress, V. 47, 
schrift fiir Elektrochemie, V. 16, 1940, p. 177-184; V. 12, No. 1, 1940, p. 699-704. 
1910, p. 707-713. p. 44-51; V. 12, No. 2, 1940, p. 145- “Variables Affecting U 
“Die Loslichkeit von Wasser 148. (A correlated abstract con of Notched-Bar Impact 1 
stoff in Kupfer, Eisen und Nickel’, taining an extensive bibliography C. E. Jackson, M. A. Pug 
by A. Sieverts, Zeitschrift fiir phys on the subject of hydrogen in steel.) S. McKenna, American | 
ikalische Chemie, V. 77, 1911, p. “Combined Action of Hydrogen Mining and Metallurgical 
591-613. and Stresses”, by E. Houdremont Fechnical Publication N 
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hig. 9 — Control Charts for Impact Tests on Plate 3 (Without Fisheves 


Discussion of Impact Test Results 


rhe conclusions which may be drawn from 
data presented herein are limited by the small 
imber of test materials and the comparatively 
row range of testing temperatures, The effect 


{ major process variables on the properties of 


specific samples of material is important 


test 





results. 





test is performed. A repre 
sentative curve for energy 
absorbed versus temperature 
of test drops sharply as the 
steel is cooled through the 
region of room temperature 
This sharp drop in energy 
values characterizes the tran 
sition from the ductile condi 
tion to the brittle condition 
\ curve given by Jackson 
and others (see the bibliog 
raphy, at left, below) for a 
steel containing 0.24 cal 
bon and 0.46% manganese is 
reproduced in Fig. 10. The 
results of the present inves 
tigation are shown on the 
same plot. 

It will be noted from Fig 
10 that baking of the fisheye 
free material plate 3) al 
100° F. for 8 hr. had little 
effect on the location of the 


However, plate 2 susceptible to 


fisheye formation) was improved substantially by 


baking 


at 


for 8 hr. and was further 


improved by natural aging for 100 days. The lines 
connecting the values at 80° F. and 32° F. do not 


necessarily represent the loci of values at interme 
diate temperatures, but are drawn to emphasize 


id is not covered by this investigation. - ; Te : , ? 
rabl a ay" : — t test . f > : Table 111 — Charpy V-Notch Impacts on High-Tensile 
ie ats ac 2 ‘vera . ’ ane =a ° . ens 
ee ee ee ee Cee See eee Mn-Ti, Mn-V, and Mn-Ti-V Plate in As-Rolled Condition 


eats of Mn-Ti and Mn-Ti-V steel supplied 


(Average of three tests at each temperature) 





a manufacturer of high-tensile steels, 
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ui the wide variation of values may be es ans CHARPY VALUES PENSILI 
ittributable to process variables. The pres- HEAT ryt Gai 7 : — FRACTURE 
Z : : 78° F. | At —25° F. | APPEARANCE 
ence of occluded hydrogen is one variable 
that conceivably could exert an influence on Mn 10) 66 ft-lb. 4 ft-lb. Fisheyes 
ill te sts Mn- \ 10.8 &3 Fisheves 
. . 4 4 5c < . 
\lthough the impact values obtained Mn V) 25. 83 4 No fisheyes 
rf . . - ri 30 sheve 
r the plates investigated by us may not Mn ; V 3 i! : Fi heyes 
present exact pr ti f any other sam a 1 Bn : taheyes 
pPEUNt evac roper ‘SO ‘ rg ‘rT Sa = , ’ or = > 
— - ™ , Mn-Ti-V | 25.! 17 No fisheyes 
ple of material tested under the same condi- Mn-Ti-V | 25. 88 No fisheves 
tions, the effect of the laboratory treatments Mn-Ti-V | 30 3 No fisheyes 
part larly those designed to remove the Mn-Ti-V | 30 “9 No fisheyes 
endency of the material toward fisheves) Mn-Ti-V_ 35. 12 { Fisheyes 
sh . . . Mn- ’ 0.8 5% 
hould be reproducible on comparable mate- an y — “ etaneyes 
= lat ted | nl tl Mn- Vi 30. 91 Fisheyes 
i ihe dats “ese . re ‘ " re. ‘ 3 . : = 
i _ envec . lerein nave, oa Mn- \ 20). 18 7 No fisheves 
r en considered with regard to their Mn-Ti-V 30. 38 i0 No fisheves 
value and variation with the condi- Mn-’ 30.6 61 7 No fisheves 
ns treatment described. Mn 30 78 8 No fisheves 
Various investigators have shown that Mn 30.6 74 28 No fisheyes 
. , \ 30. 72 27 No fis 
“vy absorbed in the standard V-notch in-T : : : - heyes 
} ; Mn-\ 10.3 “4 2 No fisheyes 
hal impact test of the low-carbon steels , . 
ith the temperature at which the *Normalized at 1600 
























































































Hydrogen Ol 
factors affe io th 


| occurrence ol shevec 
will concentrate in 4 
vicinity of su diss 
tinuities. In this invew 
gation it is obvious th 
the distribution of dis 
continuities in the mat, 


rial is not changed by #) 
treatment of the test sp, 


} 


° Jackson ét al. 
(0.24 %C, 046% MN) 


Piste? ASR, imens. It is, therefoy 
* Male é, AS ROME concluded that t¢} 
a -« 2 Artificially Aged ; 
« -- 2Naturally -- improvement in Imp 
+ -«- 2 Normalized properties resulting fr 
eo --- 3,As Rolled aging was independe: 





e -- 3 Artificially Aged of their presenc 





f = 
the relationship between 
corresponding points. /00 
The improvement in S 
impact properties with = 
aging is denoted by the pe 80 
higher average values, = 
the net effect of which is g / 
to shift the assumed S 60 Lk 
locus of points to the left. Q Y/ / 
In other words, the tem- xd if 
perature range of transi- 2 40 
tion from the ductile to x 
the brittle condition is 7 
lowered. “ 

Figure 10 also shows aad 
the results of normalizing 
material susceptible to fish- O 
eyes, and indicates that the -50 O 
temperature range of tran- 
sition is below the mini- " 

Fig. 10 


mum temperature used in 
this test. 

Examination of the last 
column in Table II, giving type of fracture, and 
of the control charts, Fig. 8 and 9, provides sup- 
plementary information regarding the relative 
brittleness of the material under different test 
conditions. Thus, the crystalline appearance of 
the fractures and wide control limits of the results 
of certain groups of specimens may be associated 
with a steep trend in the curve for energy absorbed 
versus temperature of test, indicating that the 
material is in a state of rapid transition under the 
test conditions. The fibrous appearance of certain 
other groups is associated with the considerably 
narrower control limits, suggesting that the mate- 
rial under the applicable conditions of test is in a 
relatively stable, ductile condition, and that the 
trend at the point representing that group on the 
curve should be more nearly level than is indi- 
cated by Fig. 10. 

It has been assumed that the low impact 
values observed on the material showing fisheyes 
were attributable to the presence of dissolved or 
occluded hydrogen in the steel. Accordingly, the 
improvement in impact properties of plate 2 after 
baking at 400° F. and after natural aging for 100 
days was to be expected, since both of the above 
treatments encourage the diffusion of hydrogen 
out of the metal. Similarly, it may be concluded 
that plate 3, which did not respond to the 400° F. 
baking relatively free from 
hydrogen. 

Another phase of the problem which has not 
been further investigated has to do with the pres- 
ence of nonmetallic inclusions, voids, and other 


treatment, was 


discontinuities known to be present in. steel. 


Temperature of Test. ©. 


Relation of Structure (Fisheyes) and 
Temperature on Charpy V-Notch Test Results 
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50 (00 ISO A brief survey 
been made of the hist 
of hydrogen in stee! 
the more recent obser 
tions on associated 
nomena. Presence 
lisheyes in tensile fractures of high-strengt! 
Mn-Ti steel and their association with nonmeta 
inclusions and minute voids have been establis! 
It has been assumed, without any further atten 
at proof other than the large amount of publish: 
literature, that hydrogen is primarily responsi! 
for fisheyes in this steel. The effect of fact 
contributing to the formation of fisheyes on phy 
ical properties and, in particular, on impac! 
strength of Mn-Ti steel in the as-rolled and aged 
conditions has been investigated and has resulted 
in the following conclusions: 

1. Artificial aging by baking at 400° I 
natural aging at room temperature for an ext 
period (approximately one month) improve t 
ductility of steel subject to fisheyes. This is e\ 
denced by a significant increase in elongal 
tensile test specimens and by a decrease 
temperature range in which the transitior 
ductile to brittle condition occurs in impact tests 


2. Conditions responsible for format 
fisheyes in tensile fractures of high-tensile welding 
grade steel plate cause the transition of the mat 
rial from the ductile to the brittle condit 
take place in a temperature range highe 
would be expected for similar material not subje 
to fisheyes. This is evidenced by the standa! 
V-notch Charpy impact tests. 

3. Improvement in ductility after agimg *® 
associated with the removal of disso! 
occluded hydrogen from the material. 

4. Occurrence of fisheyes in tensile fractures 
of freshly rolled high-tensile steel is not pri 


evidence of undesirability of the material f! th 
standpoint of impact resistance, since the ¢'®| 
pearance of fisheyes in the course of natu! ging 
is accompanied by improved impact prope! 2 
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An Oath for Scientists and Engineers 


New York Ciry 


j lers of MeTaL PROGRESS: 


SC 


by 


} 


n looking over the December issue of Metal 


| observe the editorial entitled “An Oath 
ntists and Engineers”, and my mind runs 
an Jron Age editorial of rather ancient 
July 13, 1944), “ancient” when measuring 
the present rapidity of events. 
u will note that this editorial was written 


fore the coming of the atomic age, and, as all 


| 


ye pronouncements, it was so complete as 


nelude anything that might happen! 


s 


2, 
if 


il 


ally. however, I do not feel bad about 


s some Chinaman a thousand years ago 


bably had the same idea and published it in 
leading scientific and technical publication of 


I 


known as THE STONE AGE. 
JOHN H. VAN DEVENTER 
President & Editorial Director 
The Iron Age 


he lron Age editorial is reproduced 
w. lt was signed by Mr. Van Deventer. 


The Hippocratic Oath for Engineers 


ina 


} 


tors and surgeons will come out of this war 
with clear consciences but with the heart 
ks of humanity regardless of race or party 


lave exerted themselves to the utmost to save 


ife. Engineers, on the other hand, will not be 
ive this said of them. They have done a won- 
in helping to destroy human life. Think of 
would be today without airplanes, rocket 
ks, submarines and the countless other instru 
duced by engineering genius. 
ilize that | am inviting some very caustic com 
n my engineering friends in making this 
t. They will write me and ask if I would pre- 
e them hold back and permit the Axis powers 
ird with their destruction engineering and 
ne rulers of the world. And I will have to 
tl would not. 
t to see this war won and when it is, as it 
large part of the credit for winning it will 
engineers and designers of our fraternity. 
t to see it stay won and I think that engineers 
ers should have a voice iy this too, and not 
it to the politicians after we and the armed 
the Allies have done the necessary killing 
ing, 
nally, all of the engineers whom I have ever 
natever nationality, are peaceable people who 
ve problems rather than to invent problems 


that will hurt others who may have to solve them. |! 
never knew an engineer who wanted to kill anyone, 
even though that person might have been a professor 
who flunked him in physics or mathematics. Most 
engineers, | am sure, when they invent some new 
machine have it in mind to make things easier and not 
harder for people. 

rhis war is the last chance for humanity and for 
the engineers who are a part of it. For unless, after 
we win the war, we make it impossible for anyone 
ever again to practice destruction engineering, none of 
us will have to die to go to hell. 

The robot flying bomb makes that perfectly cleat 
It has come too late to save the Axis, but give any capa 
ble group of engineers ten or fifteen years more to 
develop and perfect it and there will not be a city any 
where on earth whose inhabitants will not have caus« 
to live in daily and nightly fear of annihilation by 
explosions, fires or poison gas. If, as demonstrated by 
the Germans, you can successfully fly a one-ton bomb 
for sixty miles, it inevitably follows that improvement 
and development will enable you to fly a fifty-ton 
bomb not merely a hundred miles but perhaps a 
thousand. And then where are you? 

These implements of destruction could not be 
made by politicians. They are made possible by engi 
neers and technicians. Even the airplane was first 
conceived and developed as an instrument for war, 
rhat’s a heavy responsibility on our shoulders. 

Doctors and surgeons take the oath of Hippocrates 
before they start to practice and live up to it after- 
wards. They swear that they will use their knowledge 
ind skill to save human life and not destroy it 

If engineers throughout the world would agree t 


take the same oath, there would be no more wat 


The German “Fasteners” Industry 


CLEVELAND, OHIO 

I'v the Readers of MeTraL ProGress 

The undersigned, along with Charles I 
Newpher of the National Screw & Mfg. Co., had an 
opportunity in July of last year to inspect more 
than a seore of plants in the German industry 
making bolts, screws and nuts. This industry ts 
centered around Dusseldorf, Hagen and Hamburg. 

Broadly speaking, the bolt, screw and nut 
industry in Germany is many years behind either 
England or the United States. The economic fac- 
tor behind this is the fact that labor had been 
plentiful and cheap before the war, so that it 
was not necessary to devise automatic or mechan 
ical means to produce products rapidly or accu- 
rately. As the war took away this native labor, 
it was replaced by slave labor, and the production 


was maintained on a fairly constant level, although 
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quality suffered and much defective material 
was produced. 

Scarcity of alloys early hit the German bolt 
industry and substitute materials were made man- 
datory, finally resulting in steels of high manga- 
nese as the sole alloy employed. Complaint was 
always made to us about the quality of the steel. 
Full of seams, it was not suited to cold heading, 
and it was difficult to produce an acceptable prod- 
uct. In one factory this presence of seams was so 
pronounced that the workmen were actually heat- 
ing connecting-rod bolts——-a vitally important 
product to a cherry-red in order to roll the 
threads properly, almost certainly resulting in a 
decarburized thread of very poor structure. 

The high command in Germany failed to 
appreciate the necessity of fasteners as was 
almost the case in the United States and drafted 
the skilled labor, technicians and engineering tal- 
ent freely either for Army service or to supply 
other manufacturing plants. It was not until 1944 
that the scarcity of bolts and nuts had become so 
serious that it was realized that a mistake had 
been made and it was then too late to rectify the 
error. At the end, instances were found where 
so-called “satchel couriers” 
two hundred pounds of bolts and deliver them to 
the assembly lines in an endeavor to get out arma- 


would pick up one or 


ment and planes. 

Taking it all in all, the German industry pre- 
sents a sorry picture with no vestige of high pro- 
duction methods in vogue in the United States, 
and few places comparable with those in England. 
Methods that passed out of use 30 or more years 
ago are still in use, particularly on the larger diam- 
eter, hot forged bolts. The worst installation 
witnessed was one producing rivets from cut 
blanks by means of a belt drop hammer, the belt 
running over a driven shaft and the drop pulled 
up by manual tightening of the belt. Cold heading 
has progressed much further. On the whole, the 
machines are excellent more modern than any 
other equipment. On the other hand, of cut- 
threading methods the less said the better. 

A method of blank rolling to get a smooth 
finish was also discovered. Coupled with the prod- 
uct of a high speed lathe, this produced a finish 
better than by centerless grinding. The method 
was used on “waisted” bolts or studs used in air- 
craft engines, and consisted of rolling the product 
between polished and lapped dies. The dies are 
designed to contact the full width of the reduced 
or waisted portion and on up into the radii at each 
end of the reduced portion so that all scratches, 
tool marks, or fatigue localizers are ironed out 
beautifully. A very remarkable job is done, highly 


valuable for stressed bolts. Its success depends on 
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a good finish in the original bolt and an 
accurate waisted portion as to length eth, 
with accurate setting up of the roll thre 

The ultra high speed lathe mentio: ib 
runs from 1500 to 5000 rpm., depending 
diameter. Full cutting speeds of carbid Is 


used. For example a °%s x 12-in. bolt was n 68 


sec., with 0.1l-mm. feed, 0.2-mm. deep, 24 
The dead center on this lathe is mounted on } 
bearings, free to revolve with the wor! 
held up to position with air pressure Che 
slide follows a cam, and a steady rest immedi 
opposite the tool bears against the work so | 
lowin, cam) to prevent any spring Chere 
also a to. steady rest. 

While leaded steel was used to improve {i 
machinability of nut stock, no hardenabilit 
determinations were made, spheroidized stock 
unused, age hardening of cold heading wire unr 
ognized, induction heating unknown, deep freezing 
of tools and dies was not done, double extruding 
and controlled bolt tension were unheard of, | 
fact, most of the plants showed no evidence of a 
technical improvements since 1937 or 1938 

Roy H. SMITH 
President, Lamson & Sessions (¢ 


Ghosts 


Betorr, W 
To the Readers of Mevau ProGress 
This jiving skeleton and startled zebra we! 
found in some 75,000-psi. cast iron. Skepti 
metallographers may wish to know that the etel 
ant was 10% ammonium persulphate, and t 
magnification 500, 


Roy O. JOHNSON 
Fairbanks, Morse & 

















Pioneers 





Two Historic Letters About the Copper-Tin Diagram 
From Roozeboom to Neville 


Comments by D. Stockdale 
King’s College, Cambridge, England 


HEN R. F. Mehl, head of the department of 
metallurgy and director of the Metals 
Research Laboratory at Carnegie Institute of Tech- 
logy, was recently in England, he visited Cam- 
bridge and was shown two letters from H. W. 
Bakhuis Roozeboom to F. H. Neville. He was 
greatly interested in these letters and suggested 
that they would be of at least equal interest to 
ther American metallographers. 

The letters are dated November, 1901, when 
R zeboom was protessor of general chemistry 
ind Rector Magnificus in the University of Amster- 
dam, where he had succeeded to van’t Holf’s 
hair in 1896. It will be remembered that Willard 
Gibbs published his great work on the phase rule 

I87f in the Transactions of the Connecticut 
\cademy, a journal difficult to obtain in Europe, 
ind also that Gibbs expressed his results in such 
mathematical language that their importance was 
easily missed by the experimental chemists of the 
day. It was Roozeboom’s life work to interpret 
Gibbs’s ideas to the general scientific world and to 
apply them to the study of equilibrium in hetero- 
geneous systems. His “Die heterogenen Gleichge- 
wichte vom Standpunkte der Phasenlehre” will be 
familiar to many. At the beginning of this cen- 
tury, then, Roozeboom in Amsterdam was _ the 
world authority on the application of the phase 
rule.* 

‘here were in Cambridge at that time two 
sreat pioneering metallographers, C. T. Heycock 
and F. H. Neville, who worked in partnership. 
They had established a reasonably accurate prac- 
tical ile of temperature in 1895 and had spent 


the succeeding five vears in developing the pho- 
togr phy of alloys (after having developed and 
discarded X-ray photography), in establishing the 
method of quenching alloys, and in the investiga- 

*\or an appreciation of Willard Gibbs and his 
Work Metal Progress for May 1939, p. 477. 





lion of the aluminum-gold system. By 1900 they 
had turned their attention to the constitution of 
the copper-tin alloys, an investigation which cul- 
minated in their famous paper “On the Constitu- 
tion of the Copper-Tin Series of Alloys”, read 
before the Royal Society as the Bakerian Lecture 
in 1903, and published in Philosophical Transac- 
tions of the Royal Society. 

That as early as 1901 Heycock and Neville 
knew much about the bronzes can be judged from 
four publications: 


1. Report to the British Association for the 
Advancement of Science on the Chemical Con 
pounds Contained in Alloys (1900). 

2. Report to the British Association for the 


Advancement of Science of the committes 
appointed to investigate the nature of alloys (1901). 
3. “On the Results of Chilling Copper-Tin 
Alloys”, Proceedings of the Royal Society, Y. 68, 
1901, p. 171. 
1. “On the Constitution of Copper-Tin Alloys”, 
Proceedings of the Royal Society, V. 69, 1901, p. 320. 


The correspondence with Roozeboom was 
initiated by Neville. His first letter is not extant, 
but there is reason to suppose that he sent copies 
of several papers to Roozeboom, requesting him to 
consider them from the point of view of the phas« 
rule. Roozeboom certainly received the second 
report because his reply consisted almost entifeiy 
of a discussion of the diagram included in it. We 
reproduce neither the diagram nor the reply 
because the fuller diagram reproduced from the 
Bakerian Lecture of 1903 is more illustrative ol 
the discussion (Fig. 1, page 1184), and because the 
points raised in it are presented with greater 
clarity in the second letter. 

\{n exception, however, is contained in a para 
graph dealing with the equilibrium between the a 
and 6 phases. The peritectic reaction and th 
growth of the a at the expense of the 6 evidently 


aroused great interest on the part of Roozeboom, 
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he “One of the remarkable fea- 
tures is that you have in two instances demon- 


strated the direction of IC’ as proceeding to the 


for wrote, most 


; 


Roozeboom's Letter 


right. First in the systems between B and L Dear Mr. Neville, 

wherein the a crystals grow below bIC. Then in Your letter has not been too long mn the 
the system between L and C, viz. 14‘ Here you contrary my interest in your results is so grea} 
have above IC some (few) a crystals (according that I can’t refer from writing you o1 m 


to your photography). Somewhere below le you 


have none, because all is transferred in 6 crystals. 


Firstly to present my renewed thanks for y 
communications and photographs. 


Below 600° you pass the curve IC’ and a reappears Then I would suggest the following remarks 
in the photograph. It is entirely impossible to 1. The Difference between the point C’ and 
understand such a fact without the interpretation X. In the eutectic point the 6 mixed crystals 
the figure gives.” should split up into a and Cu,Sn. Migh 

We reproduce the first few lines of the second be possible that in all the mixtures (to t! ft 
letter, its second page, which is of particular C’) which contain already a the Cu,S 


Roozeboom’s 
The let- 


two ol always at the right temperature of the eut 


point, but that reversedly in the mixtures to tl 


contains 


that it 
original sketches, and his closing words. 


interest in 


ter is transcribed completely below, followed by right of C’ which contain before already Cu,Sn t! 
comments on points of interest. Another of a comes always a little too late (by a retardat 


Roozeboom’s sketches is reproduced in the tran- of building) so that you find practically the bu 
script, to illustrate his third remark. The letter- 
ing of this sketch is not in exact conformity with 


that of Fig. 1, but the meaning appears to be clear. 


ing of the eutectic mixture on this side at a s 
what lower temperature? 
In the broader paper of Mr. Steyer which is 

































In the transcriptions we correct neither the preparation, we have also some such irregularities ; 
errors in grammar nor those of spelling. Both are And — to confess the truth—TI had at the tim 
peculiarly attractive and neither detracts in the of the exposition of my theory of the transforma- ; 
slightest from the dignity of a great man. tion of the mixed crystals much doubt about tl 
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Fig. 1 — Equilibrium of the Copper-Tin Alloys. Reproduced from the Bakerian Lecture of Hey- 














cock and Neville; Philosophical Transactions of the Royal Society (London), V. 202A, 1903, p. 1 
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Prof, Dr. ft. W. Paxunuis RoozeBoom. 
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he 
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int 
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Bains 


Ze [rx LL_4- 


ont Prd » ate Gwe 


no greater 


all these fair things would ever 
and it has wondered me very 
in so many cases these solid solutions 
retardation than those, we have 


whether 


iS vel observed. 


| have entirely forgotten, 


+} 
bial 


i} 


eezing line 
ette 
to’ 


) 


‘I 


we 


< 


greater concentration than 25%, 
in writing my first letter, 


As to the 


had already some knowledge upon the 
till 100% Sn. The information your 
‘ontains and the beautiful and expressive 
give however, I think, very much more 


inite results than ever before and I hope that 


ul 


will 


have the success of wholly elucidating 


s exceptional interesting system. 
Especially I wish to congratulate you on the 


“ 


mn of the process at the temperature E, 
mixed crystals f>Cu,Sn+ liquid G by cool- 


iquid when passing this temperature? 
ou deducted this phenomenon from the 
nm and intersection of the curves? 


,£G, 


of 
Or 


Have you could observe the formation 


Because 


entirely new phenomenon, it were inter- 
| one could show it. 
we accept for E,:25 for {27 and for G50 


nsformation would become 


29 CuzS.;-> 23 Cu,;Sno, 


when we had the initial composition of the 


+ 2Cu-.Sn-o 


' quantity of liquid which could be obtained 





 =1/10 in weight of the total mass. Can 
intity be seen between the resulting solid 


in which trans- 


mis one I had not foreseen. 


case you obtain such a 


l myself had 


the sketches in the letter, page 1186. 
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the transformation 


substance 


another case, when 
DB and DA of a 
mixed with another did 


curves of the a mixed crystals EC 


foreseen 
which was 
the freezing 


EB. Here 


curves* 
intersect 
we 


would also have the transformation 
mixed cr.B-> mix. cryst A liquid C, 
My pupil Dr. van Eyk has sought for an example 


but I have indicated such 
a figure in Zeit.f.phys.ch., 30, 427. 


So you will conceive with how much pleasurt 


not found a good one. 


I have noticed your observation. 

3. As to the transformation below e,H,H |! 
would suggest to represent E,H, and HH,M by 
dotted lines. H,H,L and H,.H,O indicate the 
bordering lines separating the different systems 
which would represent the stable equilibria. The 


dotted lines may then represent the previous com- 


plexes of three phases which practically may be 
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observed and by inscribing the third phase which between 21 December and 2 Januar or from 6-lo 

normally should not exist between brackets, as Januar. Have you any opportunity to show hu 

indicated in this figure, I venture that the right some things and to talk a little with him 

understanding might be obtained. these days? Be so kind as to write that to 0 th 
As to the modification of Sn which comes I am asking the same to Prof. Roberts Auste! 

below 20°, if your interpretation is right, it would Yours sincerely, 

only present itself in the conglomerates CuSn+ Sn H. W. Bakuuis Roozeno 

and ever at the same temperature. The only inter- 

esting point would be whether the Sn in this con- Notes and Comments / 

glomerate does present the transformation. When 

you have not time, this point could perhaps be 1. Roozeboom in his first letter and 4; t 

studied here, the more so as we know all the tricks here insists that the phase disposition as ' 

of this transformation, along b’C’XD, (Fig. 1) cannot be correct becaus A 
o. Lastly | have a demand. it is in violation of the phase rule. The 
Dr. van Eyk, now teacher at the Military must be of constant composition when pr 

Academy, has the purpose to take part together stable alloys containing a and y. Heye 

with Dr. Reinders, whom you have seen two years Neville never fully realized the extreme s 

ago, in the research on metalls. He would appre- with which certain changes in the solid ph 

ciate very much if he could see some of your place. We know now that the eutector 

installations and would have the opportunity formation takes place at a constant tem) 
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Fig. 2—- Copper End of the Copper-Tin Diagram 
1.5.M. Metals Handbook, 1939 Edition, p. 1365 


920° C.; they had “retardation of building” 

both sides of X. 

lhe paper by Mr. Steyer cannot be traced. 

2. The partial melting of the 27 atomic per 
ent tin alloy on cooling through 635° C. is shown 
early by Fig. 69 to 71 of Heycock and Neville’s 
takerian Lecture. We do not know if this evi- 

nee was in existence when Roozeboom wrote. 
rhere does not now seem to be a substantial 
ference between Roozeboom’s two sketches. The 
ew that Heyeock and Neville took of the y and y 
ea (Fig. 1) is somewhat doubtful. Presumably 
they thought that the whole area, E’D’E” E.fE’ 
is filled with y+». It would then have been 
re in conformity with modern ideas if they had 
ined E E’ 


ust exist as a single phase. Once it is recognized 


to denote a narrow field in which » 


does exist as a single phase over a definite 
' harrow range of composition, the whole matter 


y, . ; 
tw ae det cence “Sa 
4; hk a 4itl. a 7 oe An ff Law. I ange ? tte Kain uel 
sets tnt hed W tune. Jpn ao dow, LL 
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becomes much clearer. The general resemblance 
between Roozeboom’s second figure and _ the 
accepted diagram as given in @ Metals Handbook, 
1939 Edition, ). 1365. is remarkable 

Dr. van Eyk is the Cornelis van Eyk who 
worked with Prof. Ernst Cohen on the allotropy 
of tin and who also carried out important work 
on systems containing thallium nitrate and another 
nitrate. 

3. This suggestion of enclosing a metastable 
phase in brackets was adopted, with acknowledg 
ment to Roozeboom, in the paper on the “Constitu 
tion ol Copper-Tin Alloys” read by Heycock and 
Neville before the Royal Society on Dec, 12, 1901 
Publication in that year seems to have been a 
much speedier process than it is today 

1. No record of an investigation either by 
Roozeboom or by Heycock and Neville of the effect 
of copper on the allotropic transformation of tin 
has been found. 

o. W. Reinders carried out an early investi 
gation on the constitution of the alloys of anti 
mony and tin. His name is probably better known 
in connection with his work on the equilibrium 
between silver amalgams and aqueous solutions 
containing silver and mercurous nitrate (Zeit 
schrift fur physikalische Chemie, V. 54, p. 609 

Sir William Chandler Roberts-Austen was 
prolessor of metallurgy at the Royal School of 
Mines, London, from 1880 until his death in 1902, 


and at one time was deputy master of the Mint 


He will be remembered primarily for his work on 
the diffusion of metals, but he carried out many 
other researches which are recorded in the first 
live reports of the Alloys Research Committee of 
the Institution of Mechanical Engineers and else 
where, and which included investigations of th 
constitution of steel and bronze. A sympathetic 
article on his life and work was written by his 
former associate, the late Alfred Stansfield, and 
published in Metal Progress on the 100th annivet 
sary of his birth (December 1943, p. 1113). S$ 
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Steel Melting 


A.I.M.E.’s Openhearth and Blast Furnace Committees 
Discuss Postwar Production Problems 


Reported by Ralph W. Farley 
Asst. Mill Metallurgist, Chicago District, Republic Steel Corp. 


HE 29TH ANNUAL conference of the National 

Openhearth Steel Committee and the Blast 
Furnace and Raw Materials Committee of the 
American Institute of Mining and Metallurgical 
Engineers was held in Chicago April 24, 25, and 
26, with a total registration of 965. 

The openhearth committee started its meeting 
on Wednesday with a plant visitation to the 
Defense Plant Corp. works of Republic Steel Corp. 
in South Chieago. Points of interest included the 
electric and tilting openhearth furnaces, mold 
preparation building, rolling mills, soaking pits, 
and chemical and metallurgical laboratories. This 
plant was briefly described by the Editor of 
Metal Progress in his “Critical Points” for Janu- 
ary 1944. 
control of the soaking pits, in which gas and air 


Of especial interest to visitors was the 


flow are controlled by radiation pyrometer equip- 
ment and recorded in such a manner as to show 
when ingots are thoroughly soaked. The rolling 
mills are lined up for production of a wide range 
of bloom and billet sizes without reheating by 
progressive reduction through one, two, or all 
three mills but are equipped with optional facili- 
ties for transfer and cooling of any intermediate 
size, and furnaces for reheating or wash heating. 
Crop ends are delivered to cars by a conveyer and 
separated by analysis. Samples cut at the shears 
are diverted to a second conveyer and delivered 
to a test room for identification and preparation. 
Communication between all work stations is main- 
tained by both voice and Telautograph systems. 

The tilting furnaces are of 200 tons capacity, 
and the electrics 70 tons. The shop is arranged 
for transfer of hot metal from one of the open- 
hearths to a waiting electric furnace for triple 
refining, or for finishing heats started in the open- 
hearth from hot metal charge, or for complete 
refining in the electrics from cold charge 
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Visitors were impressed with the siz 
facilities of the laboratories. Considerabl 
est was shown in the spectrographic installs 
in the chemical laboratory, where much 
preliminary and ladle analysis is now don 
this method. 

The conferences got under way on Thursd 
with General Chairman A. P. Miller of the op 
hearth and A. J. Boynton of the blast furna: 
mittee presiding at simultaneous sessions 


Openhearth Problems 


meeting Mr. Milk 
announced the McKune Award to ‘Taylor a 
Woods of American Rolling Mill Co. for a pap 
on “A Statistical Study of Factors Affecting Ope! 
This study exp 


In the openhearth 


hearth Production Rates”. 
not only which factors are affecting product 
rates, but also gives a quantitative evaluation 
the effect of each factor, within the experienc 
the very large amount of data collected by 

In a session devoted to operations of the bas 
openhearth, the loss of production caused by di 
in charging was pointed out, and some im 
ments made to speed up charging Cperations \ 
described. In one shop, heats with high hot-! 
charge are 45 min. faster than low hot-meta 

Conflicting experiences were cited by 
speakers in a comparison of furnaces havin 
checker and those having two checkers a 
end. It was suggested that certain fuels 
require larger chamber volumes thus 
f the division 


instance favoring removal « 
form one chamber. 

The perennial discussion about the 
advantages of limestone and lime for opé 
use was resumed, this time dwelling on s 


and silica contents and physical sizing of U 











mtains 0.25. to 0.4% total sulphur, but 
Sulphur content of lime is 


Stone 
rgely as sulphate. 
mewhat higher, because of concentration in cal- 


s 


ination and absorption from fuel, but it usually 
ntains less than 0.7% S and 1.75% SiO,. Tests 
nducted in one shop over a period of six months 


have shown 2 to 4-in. stone to be as good in many 
respects as 8 to 12-in. The smaller size is believed 

clear up slowly, but comparisons of furnace 
time and stone used were favorable. Cooperative 
study of desirability and availability of stones was 
proposed. 

In a paper by J. S. Griffith and M. Tenen- 
baum of Inland Steel Co. on the rate of slagging 
r solution of stone, the formation and dissolution 
f the calcium silicate rim about the lime parti- 
les were described. Petrographic slides demon- 
strated that the coarser-grained stones form 
weaker rims, allowing faster penetration of the 
slag and speeding up the rate of solution. 

In the discussion of pig iron preparation, it 
was explained that soda ash treatment for desul- 
phurizatica is satisfactory from the openhearth 
standpoint if carried out properly and if the slag 
isskimmed. Sulphur can be brought to a suitable 
level. Various methods were described; the 
speaker favored starting the reaction in the runner 
by a regulated feed of soda ash. One operator 
eported the adaptation of a cupola to melt scrap 
ron and supply pig for the openhearth charge.* 
Soda ash is fed in for desulphurization. 

In using coke and graphite as substitutes for 
carburization by pig iron, control can be as accu- 
rate as with customary charges, provided that 
blowing and floating off are avoided. About twice 
is much carbon seems to be required in the form 
1 coke as when it is introduced in the pig. 
Une operator finds the heat time is increased as 
much as 1 hr. for one-half replacement by coke; 
maintenance costs are also increased. 

\ report on electrolytic manganese elicited 
liscussion by various operators, but none reported 
unusual results for the applications tried. This 
material has a purity of 99+% and is practically 
Its obvious importance for certain 
special applications cannot be overestimated. 

Replies to a questionnaire on preliminary 
tests for carbon, manganese, sulphur, phosphorus 
and the common alloying elements disclosed the 
time-saving advantage of the magnetic method for 
carbon and the spectrographic method for metallic 
and metalloid elements. By spectrograph the min- 
imum total time reported (test to results) was 12 
min. for Mn, Si, Ni, Cr, Mo, Cu, and Sn. Time 


carbonless. 


“See the description of such a plant at Sheffield 
steel rp.’s plant in Kansas City, in “Critical Points” 
iry 1943. 





required for carbon by volumetric method, phos- 
phorus by titration, sulphur by combustion, and 
FeO of slag compares favorably with the fast time 
for alloys on the spectrograph. 


Acid Openhearth Operation 


Under the acid openhearth research program, 
a study of the measurement of slag fluidity has 
culminated in specifications for a standard test. 
The relationship of changes in slag fluidity to 
physicochemical processes in the slag and bath 
was pointed out. The standardization of this test, 
and new knowledge of its relation to changes in 
the bath, should greatly enhance its usefulness 
in acid openhearth control. 

Attention was given to special deoxidizers for 
acid steels. One operator pulled transverse tests 
and observed increased ductility from large ingots 
treated with the grain refiner and deoxidizer 
known as Ferro-Carbo. Another reported a defi- 
nite grain coarsening with this same material. 

In the session on metallurgy, attention cen- 
tered on the application of physicochemical data 
to the openhearth process, including a discussion 
of factors affecting excess air requirements to 
burn all carbon and hydrogen in the melting 
chamber. A good method of control would be by 
excess oxygen in the waste gases, but present 
equipment is not adaptable to this method. 

In a discussion of steam versus preheated air 
for atomization of fuel oil, it developed that pro- 
duction rates favor air but the initial cost is 
greater. Apparently, further study will reveal 
whether any net saving is to be realized. 


Slag-Metal Reactions 


Two papers on slag-metal relationships pre- 
sented by John Chipman and coworkers before 
the annual meeting of the A.I.M.E, last February 
were abstracted and discussed. Sulphur equilibria 
between liquid iron and slags are controlled almost 
entirely by the excess base in the slag. These 
studies indicate that sulphur distribution is essen- 
tially independent of such factors as iron oxide 
content, added fluorspar, MnO (except through its 
basic nature), and temperature within the range 
of 2800 to 3000° F. The results lead to the rejec- 
tion of such reactions as FeS+CaO=FeO+CaS as 
the desulphurization mechanism, and represent it 
as a matter of solubility of sulphides in slag, 
increasing just about linearly with increase in slag 
Basicity is expressed as excess base or 
The combining 


basicity. 
acid in mols per 100 g. of slag. 
proportions for neutrality are given by the authors 
as CaO, MnO, and MgO equal in basic reaction on 
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a mol-for-mol basis, and 2 mols base to neutralize Quality of Steel 
1 mol SiO, or Al.O,, 4 mols base for 1 mol P.O,, 


and 1 mol base for 1 mol Fe.QO,. J. W. Halley’s paper on grain grow nhil 
In discussion on the practical aspects of sul- itors presented before the February meeting wa 
phur elimination, the major sources of sulphur reviewed. Coarsening temperatures wer: id by 
were considered, such as scrap, hot metal, fluxes, maintaining a constant gradient over the length 
roll scale, and fuels. Flushing off slag is advan- a bar in a special furnace, and temperature curve: 
tageous. The equilibrium value for sulphur ratio were exhibited for various elements. Resulis yan 
between slag and metal in refining a low-carbon with varying carbon contents. In discussion 
heat reaches a maximum at about 0.8. was pointed out that coarsening must depend ; 
Dephosphorization may be represented by the upon resolution of the inclusion to which 
reaction 2P +50 + 4CaO=—4Ca0O-P.O,, with equilib- attributed the blocking of grain-growth, and » 
rium in this reaction showing a strong dependence revisions in this concept were suggested, as { 
upon temperature. The conditions favoring dephos- example AIN for Al,O,. The role of silicon as a 
phorization are (a) lower temperature, (b) higher assisting element was suggested to explain discon- 
iron oxide content of slag and metal, (c) high base- tinuities in curves for zirconium and vanadium 
acid ratio, (d) higher MnO and lower SiO, in the In openhearth practice to meet hardenability 
slag. Both the elimination of phosphorus from requirements, it is essential to restrict the aim | 
the bath and the prevention of reversion must be each element to that portion of the specified rang 
kept in mind. The conditions for dephosphoriza- which will yield the required result. Such aims 
tion given above are equally essential to hold must be balanced in a manner to avoid setting 
phosphorus in the slag on blocking the heat. Ben restriction in any one element that will be unat 
efits are gained by control of the analysis of th: tainable in practice. Adjustments are made | 6 
charge and hot metal low phosphorus and s)|- residuals after melting in. Test methods a 
con, and high manganese. Silicon should be kept calculation of hardenability were described. 0 
as low as possible at the blast furnace; if the sill- operator reported that multiplying factors 
con content of hot metal is high, the flushing of expressed as logarithms and posted in the s! 
slag in the openhearth has a distinct advantage. to enable melters to “melt hardenability”. G 
Ladle reactions in rimmed steel have been agreement has been found between forged an t 
studied to find their dependence upon operating cast tests. Important factors emphasized in pres 5 
variables. Occurrence of reactions is measured entations on the subject of “Surface Quality 
by existence of wide variation in ladle manganese. Carburized Steel” included selection of raw ma . 
Such reactions are found to be favored by a higher rials, melt carbon, bath activity, use of spieg 
state of oxidation of the bath, and are often asso- reboil, deoxidation, sulphur content, soaking h 
ciated with ladle skulls. practice, mold design (small corner radii favored t] 
T. E. Brower and B. M. Larsen’s paper on oxy- Special killed steels for deep drawing 
gen in liquid openhearth steel was also abstracted deoxidized with aluminum, some operators adding 
and discussed Use is made of the excess of OXY- shot aluminum to the tap stream. Some shops f 
gen over that corresponding to equilibrium with cut down seabs by placing a cylinder of 15-gag 
CO at one atmosphere, taking (|C) x [O) =0.00222. sheet steel in the mold; primary splash is kept of b 
Excess oxygen is found to return to the range the mold wall by pouring in the center of t 
0.015 to 0.025°> when the bath is in a steady state cylinder. 
that is, when it is in a normal boil and close to Use of sodium fluoride and mechanical 
equilibrium conditions except for carbon and oxy- ring improve surface quality of rimmed steel wil! 
gen. The oxygen dissolved in steel in this steady 0.20% carbon. Other factors are tap carb ' 
state is found to depend essentially upon the car- of rise in molds and height of pour. 
bon content. No correlation can be found between 
excess oxygen and such factors as rate of carbon Furnace Construction and Maintenance 
drop, slag basicity and fluidity, or temperature. 
Excess oxygen correlates with the activity of oxy- Some subs': tial savings in time and te- 
gen in the slag, but not with the FeO content. nance expense were revealed by the use of lab 
Wide variations in rate of carbon drop occur at saving devices. B. D. McCarthy of Republic 5t' 
equal values of excess oxygen; the authors’ studies Corp. illustrated by moving pictures hov 
lead to the conclusion that this depends more upon in the slag pocket removes as much as 9 ye f 
the ease of bubble formation. Faster carbon drops of slag and sand wall in one pull. This e! les 0 
occur on new and unglazed bottoms, which favor blasting and damage to the furnace. Use of th 
bubble formation. car, said one operator, allows bricklayers tart : 
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r. sooner. .The car pulls best when it is 
possible. Conveyer and handling sys- 
bricks also provide substantial labor say 
one shop steel supports for roof centers 
ng downtime of rebuild and man-hours 
stantially. 
| experience was reported with several 
ons of the vacuum type of flue-cleaning 
nt The dust collectors dump automat- 
so a costly and hazardous operation is elim- 
One plant uses a turbine-driven cleaner 
ing revolving chains as buffers, in conjunc- 
th the vacuum system. 
discussion on fully rammed versus partly 
| versus dead-burned magnesite bottoms 


cht out a diversity of experience. With fully 
umed bottoms an idle furnace can be put in 


tion more quickly, but while some operators 


id less average bottom delay per heat, others 
rted less delay for the sintered bottoms. For 


st part, dead-burned bottoms (or partly 
d bottoms surfaced with sintered magne- 


vill be used except in emergency. Delay 


heat does not adequately describe the condi- 


f bottoms. Sample drilling is used to supple- 
this knowledge; experiments indicate that 


ndition of a bottom over a long campaign 


y be dependent more upon operations and main 
ance than upon the original installation, One 


recommended that judgment on fully 
ed bottoms be withheld until effects of a long 
wn are better known. 


Spraying with pitch, tar or an asphalt paint 
been successful in maintaining bottoms 


h a long shutdown. 


Reports on refractories and masonry resulted 


interesting contributions. One operator 


nd a decrease in repair time with an all basic 


furnace; furthermore, he uses only 2 Ib. of 
brick per ton of steel produced as compared 
ib. of silica brick per ton of steel. Produc- 
Ss increased 1242°% with an expected sav- 
7¢ per ton of steel. Another operator 
d good results from the use of basic end 


nda silica roof. 


iscussions of basic rammed doors were sup- 


ted by slides illustrating several types. All 
rs reported increased door life when using 
lining; the average life of this type of door 
ted to be 18 times that of silica-lined doors 
paper on a method of evaluating the quality 
ick included a discussion of interpretation 
iin test results. In the’use of superduty 
for mixer linings as compared to regular 
the average tonnage of steel produced pel 
icreased from 26,970 to 44,063, while cost 
from $0.065 to $0.032 per ton. Insulation 
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of the openhearth increases production and 
decreases costs by eliminating air infiltration, thus 
also permitting the determination of fixed au 
requirement Fuel costs are directly decreased 
by conservation of radiant heat. An actual increase 
in refractory life because of more uniform tempe! 
ature within the refractories was cited by som: 


operators; all reported fuel economy and increased 
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production from the use of openhearth insulation. 

Maintenance of slag thimbles and cars 
appears to be chiefly a question of care in their 
use and regular inspection. Some rules to improve 
thimble and car life are: Pour in center; avoid 
boilovers; lubricate frequently and thoroughly; 
repack journals carefully; use dust guards; keep 
couplings and safety devices in good shape; use 
expansion bands to avoid buckling. Stickers may 
be caused by hot steel, pouring off center, or over- 
Spraying with a bone 
Some 


loading and slow tipping. 
ash preparation helps to prevent stickers. 
use a plugged hole in the bottom rather than a 
drill to push out stickers. Before pushing, the 
slag should be cooled and cracked. 

A new Michigan magnesite is a synthetic 
product derived from MgCl, from brine. Kiln- 
sintered to 3200° F., the material sets hard and 
cracks little on cooling. High temperature, extra 
time, and addition of SiO, are required to burn 
in a bottom of this material. 


Miscellaneous Operating Details 


A recording bath pyrometer of the radiation 
type was described. The device seems quite prac- 
tical and serves notice that temperature prior to 
tap will receive more and more attention, The 
consensus of papers on the effect of temperature 
on macrotests, cleanliness and grain size was that 
intermediate temperatures give the best results; 
excessively hot or cold heats are, in general, some- 
what dirtier. 

Reports on the use of thin-walled molds were 
somewhat 
longer mold life and others shorter. No one 
seemed prepared to report conclusive experience 
on the quality of steel produced from thin-walled 
molds. Use of plain, rippled, fluted, and corru- 
gated molds was debated. One operator reported 
definitely better surface from fluted molds, but 
after 30 to 40 heats the surface quality became 
worse than that from molds with plain walls. 
Another manufacturer reported good results from 
molds having a corrugated bottom portion and a 
plain-walled top portion. Frequency of use affects 
the length of mold life. Solid-bottom molds have 
the advantages of less “fishtail”, no bottom-sealing 
difficulties, and fewer mold stickers. 

Powdered pitch for mold coatings is favored 
by many over tar because of less fumes, but the 
irritation caused by pitch is still a problem. 

Reports on carburized and tarred nozzles 
showed that carburized nozzles produce a 
smoother stream but erosion is about the same as 
with ordinary clay nozzles. Tarred nozzles are 
stronger and tougher than ordinary nozzles and 


confusing, some operators claiming 





will withstand the pressure of the stopper rog 
better, resulting in less cracking of the nozzle 


Ore Supplies 


The Blast Furnace and Raw Materials Com. 
mittee held sessions on coal, refractories, and ore 
The coal session was devoted to new developments 
in coal washing practice and the selection of suit- 
able low-volatile coking coal for metallurgical 
Refractories discussed included blast fyr-. 
nace hearth and a survey on the tapping hole. 
Intelligent reporting of these subjects is somewhat 


coke. 


over the head of a steel mill metallurgist. 

An excellent and forthright discussion of or: 
reserves and characteristics of future ore supply, 
however, was of compelling interest to the metal- 
lurgical engineer as, in fact, to everyone. A critical 
analysis of ore reserves was an alarming report 
on the exhaustion of material available to open-pit 
mining methods. Production of mines to date. 
however, has frequently exceeded the reserves esti- 
mated earlier. Furthermore, exhaustion of the 
open pits will be characterized by a_ gradual 
decline in their rate of production over many 
years, supplemented by an increased production 
from underground deposits and of lower grade 
ores of about 30% iron, as fast as the mining and 
beneficiation methods necessary for economical 
production can be developed. Such low grade 
deposits are known in the old ranges, and their 
geology is well known. It may be possible to 
concentrate them without fine grinding. 

The metallurgist has a job ahead of him, too, 
in this revolution in raw materials. The blast 
furnace men should work on the problem of apply- 
ing ores of lower iron-to-silicon ratios. All possi- 
ble speed in these developments is needed to 
maintain the present rates of shipment. If it is 
found that fine grinding is actually necessary to 
the utilization of these ores, the cost of plant 
would be very high; one speaker predicted over 
$14 per ton; others said it might be much more. 

Removal of sulphur from ore by sintering has 
been investigated in the laboratory and sinter plant 
with encouraging results, particularly in removing 
sulphate sulphur from high-sulphur Minnesota 
and Michigan ores. Physical characteristics and 
sizing are important factors; clayey ores and pat 
ticles over ¥% in. are difficult to desulphurize. In 
discussion it was pointed out that particles large! 
than \% in. are not efficient in regular sinter plant 
operation. The method seems to hold great prom 
ise for the utilization of the high-sulphur ores, and 
to produce, at the same time, a product tha! will 
be porous and hard enough for efficient use !n the 
blast furnace. 3 
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STAINLESS STEEL ARC WELDING ELECTRODES 
containing Nickel are used extensively for 
jSining heavy alloy steel plates to avoid 


International Nickel are miners, smelters, 
and refiners of Nickel, an important ingredi- 
ent in the chromium-Nickel austenitic stain- 


Most versatile of modern metals 
... their unique combinations of 
properties merit your considera- 
tion in designing for the future. 


brittlenéssin the weld. Here an operator 
is using a half inch stainless steel electrode 
in such a welding operation. 


less steels. Although they do not produce * 
these stainless steels, a list of the sources 
of supply will be furnished on request. 


HE INTERNATIONAL NICKEL ‘company, INC. S.v'sscs**: 
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Estimation 


By William 


Westinghouse Research Laboratories, Fast Pittsburgh, Pa. 
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Step I: Prepare a metallographic sam- Table 11 — Subtraction Table for Spatial Calculations Step V: Determine the gra I 





ple, etch appropriately to develop the grain 
boundaries, photograph at 100 diameters, and 
mark off an area on the print, not following 
the grain boundaries, which contains at least 
200 grains 
Step II: 
of each grain wholly or partially in this area 


Estimate the planar or W size 


photographed full 
size on transparent film A grain of W size 2 
located at the border and two-thirds within 


the area would be listed under W size 2 but 


by using the above grids 


given a weight not of unity but 0.7.) 
Step Ill: total 
each W size as indicated for the 


Figure the per cent of 
area for 


representative sample in Table I 





Table 1— Distribution of Planar Grains 
W Num- | a RELATIVE or 
Size | BER Acton AREA Torat 
No.1 | 9.9 x32 316.8 18.2 
2 | 283 | x16 452.8} 285 

3 56.6 x 8 452.8 28.5 

4 70.7 x 4 282.8 17.7 

5 42.4 x 2 84.8 5.3 
6+] 283 | x1 28.3 1.8 

| Total 1618.3 











Step IV: Calculate distribution of spatial 
grains by volume by taking out values from 
Table 
Il shows, for example, that if 18.2% of the 
of the volume of the 


Table Il for proportionate planar areas 


grains are W size 1, 25 


specimen is occupied by spatial grains of 
size 1, 5.1% of the planar grains W size 2 are 


due to off-center intersections of these larger 
drains, and so on The computation sheet 


below shows how these various corrections 


are made, step by step 
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SURFACE VoLUME 
Occurren | Occurtrep 
BY PLANAR BY SPATIAL w 1 Ww 2i\wi3iwe4 wes 


Surrace Occuptep sy SMALLER Planar Size 


Size W Suze w AND HIGHER 
l 14 03 0.1 0% 0% 0% 
2 28 06 0.1 0 0 0 
3 41 08 02 0.1 0 0 
4 5.5 11 03 0.1 0 0 
5 69 14 04 01 0 0 
6 82 17 04 01 0 0 
7 96 20 05 01 0 0 
8 11.0 22 06 02 0 0 
9 123 25 06 02 0 0 
10 138 28 0.7 02 0.1 0 
il 15.2 3.1 08 02 0.1 0 
12 164 33 08 02 0.1 0 
13 178 36 09 02 0.1 0 
14 19.3 39 1.0 03 0.1 0 
15 206 42 11 03 0.1 0 
16 22.0 45 11 03 0.1 0 
7 233 47 12 03 01 0 
18 24.7 5.0 13 03 0.1 0 
19 26.1 53 13 o4 0.1 0 
20 275 56 14 04 0.1 0 
21 28 8 58 15 04 0.1 0 
22 30.1 61 15 04 0.1 0 
23 315 64 16 04 01 0 
24 32.9 6.7 17 04 0.1 0 
25 44 70 1.7 05 01 0.1 
26 35.7 72 18 05 01 01 
27 37.1 75 4 05 0.1 0.1 
28 38.5 78 2.0 05 0.1 0.1 
29 398 81 2.0 05 0.1 0.1 
30 12 83 2.1 06 0.1 0.1 
31 42.7 86 22 06 02 01 
32 “440 89 22 06 02 0.1 
33 454 92 23 06 02 0.1 
34 46.8 9.5 24 06 02 0.1 
35 480 97 24 06 02 01 
36 49.5 10.0 25 0.7 02 0.1 
37 509 10.3 26 0.7 02 0.1 
38 523 106 2.7 0.7 02 0.1 
39 53.5 108 2.7 0.7 02 0.1 
40 9 lll 28 0.7 02 01 
41 56.4 4 29 08 02 0.1 
2 57.7 11.7 29 08 02 0.1 
43 59.1 12.0 3.0 08 02 01 
44 604 122 3.1 08 02 01 
45 61.7 12.5 3.1 08 02 01 
46 63.1 128 32 08 02 0.1 
47 646 13.1 33 09 02 01 
48 65.9 133 34 09 02 0.1 
49 672 13.6 34 09 02 0.1 
50 68.6 13.9 35 09 02 01 
51 70.0 142 36 09 02 01 
52 715 145 36 10 03 01 
53 728 14.7 3.7 10 03 0.1 
ee] 742 15.0 38 10 03 01 
55 755 153 38 10 03 0.1 
56 769 15.6 39 10 03 01 
57 782 15.8 40 10 03 01 
58 796 16.1 40 11 03 01 
59 810 164 41 11 03 0.1 
60 82.4 16.7 42 ll 03 01 
62 85.0 17.2 43 11 03 0.1 
64 879 178 45 12 03 01 
66 90.5 183 46 12 03 01 
68 932 18.9 47 12 03 01 
70 96.1 195 49 13 03 01 
7 988 20.0 5.0 13 o4 01 








area by the computations of Tal 
ing from the percentage of spatia 


by volume, just computed 


Table Ill — Computation of Grain 


Boundary Area 








Gratin Bounpary 
SPATIAI ‘ RY 
GRAIN Vor Fac 
Sizt bance ron | Reta 
TIVE 
No. 1 25.0 1.000 25.0 | 14.8 
2 32.0 1.414 45.3 2¢ 
3 28.5 2.000 57.0 
4 13.7 2.828 38.8 22.9 
5 0.7 4.000 28 
6 0.1 5.657 0.6 04 
Total relative area: 169.5 








Step VI: Determine the mea 
grain size. Plot cumulative gra 
area as shown below, locate the g: 
ordinates 16,-50 and 84 Grait 
is the average grain size; the othe 
Mean 5] 
size of the illustrative exampk 
Note: If 
Step I is 50 diameters, subtract 2 
above result; if it is 200 diameter 
In the latter case the mean spat 


would be 4.2 = 1.1 instead of 2.2 


the standard deviation 


linear magnificat 






8 


Surface Area, Ye 
& 


Spatial Grain Site 
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Science 


and 
Life 
in the World 





Celebration of the George Westinghouse Centennial 


Readers of Metal Progress will have noticed, 
since the explosion of the atomic bombs over 
Japan, several articles, quotations and comments 
n nonmetallurgical matters thus deviating 
from a rather strict editorial plan. The Editor 
istifies this course in his belief that science, engi- 
neering and technology have advanced more 
rapidly than the social structure can control them, 
md unless the nonengineering questions are 
nswered correctly it will make little difference 
vhether new technical problems are solved or not. 

It is, therefore, without apology that so much 
space is given in this issue to the addresses pre- 
nied at the centenary celebration of George 
Westinghouse’s birth. Seldom has a larger and 

re eminent audience listened to such an array 
} talent. Almost without exception the speakers 

each a real leader in his branch of learning or 
engineering endeavor——-emphasized the _ social 
ispects of scientific progress. Dr. Archibald Hill, 
‘he foreign secretary of the Royal Society of Eng- 
and, set the keynote in his assertion that there is 
) universal nostrum for the world’s ills, and that 
positive morality in the individual (with a cour- 
weous willingness to fight for the right) is the 
uly path to safety in the forthcoming atomic age. 
Velallurgists, being citizens and individuals, have 
wh one his own grave responsibility in this 
iter 

Worthy of note is the fact that four times, 
ring the Forum, proceedings were interrupted 
invoke Divine guidance. Similarly we find one- 
uarter of the May issue of’ Army Ordnance 

iion’s Preparedness Bulletin devoted to 


uot ns from prayers offered by Washington, 
Vout 7 : 

Patton and Eisenhower, each humbly asking for 
{, | ° " 

(Ons help. It is at last time. 





Electric Power 


The Foundation of Industrial Empire 


By Charles W. Kellogg 


President, Edison Electric Institute 


T IS a curious coincidence that within a_ six 
months’ period fall the centennials of three great 
American inventors, each of whom accomplished 
new things with electricity, and each of whom let! 
his name indissolubly attached to his product 
“Bell” telephone, “Edison” light, “Westinghouse” 
electric. The force with which they all worked is 
thus described in words carved over a portico of 
the Union Station in Washington: 
“Electricity 
Carrier of light and power! 
Devourer of time and spacs 
Bearer of human speech over land and sea 
Greatest servant of man; itself unknown.” 
Electric power is the greatest achievement in 
the amplifying of human capability because of 
the ability to transmit it to the point of use and to 
subdivide it into usable quantities. ‘Today, every 
industrial workman in the United States has at his 
call the power of seven horses which, unlike the 
animal variety, never falter, require no time out 
for feeding and rest, and are so much cheaper to 
operate! This horsepower per man in industry 
is closely ailied with his productiveness and real 
weekly wages. 
To secure a background for judging Westing 
house it is necessary to describe briefly the prior 
Without precedent to 


guide him, Edison developed a low internal resist- 


achievements of Edison. 
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ance, direct-current generator for maintaining Looking back now it is easy to see t] ’ 


constant voltage on underground distribution lines out the alternating-current system, the nd 
of his own devising and crowning achievement scope of our present-day electric powe; “a 
of all invented the incandescent lamp, the first would be quite unthinkable, for the dey met 
flameless light, which could be turned on and ofl of the years has shown the economy of it 
at will and would run for hundreds of hours. in large stations. Equally impossible, without 
The original Edison plant, built on Pearl basic system, would be the furnishing 
Street in New York City in 1882, and its counter- politan quality service to thousands of smal] , 
parts that sprang up in many other cilies, were lages and to more than 8,000,000 rural « im 
regarded as lighting companies. They were known throughout the country. Finally, witho 
as Edison Electric Illuminating companies. With nating current and the great network of tra 
the use of electricity for power and the constantly mission lines, the great production of power for tl 
increasing distance of the load from the central war effort would have been impossible. 
station, the industry encountered difficulties with The benefits to the nation are far from being Se 
transmission and distribution. With the relatively confined to manutacturing industry.  Electri 
low voltage at which the direct current had to be has revolutionized everyday life. The drudgery Insur 
yenerated, this meant either a fabulous investment wash day, the labor over a hot kitchen st | 
in copper conductors or the necessity for many pumping and hauling of water, the washing 
relatively small generating stations or both. dishes can now be made easy in millions 
This dilemma was solved by George Westing- homes. The brightening of the long dark night 
house through the development of the alternating the ability to preserve food in hot weather, t! 
current system, used throughout the world today. health and comfort of air conditioning, all cor ¥ 
The problem he solved was easier stated than bine with innumerable labor saving devices 
mastered. It required the perfecting of an alter- make electricity indeed the greatest servai 
nating current generator, the design of a satis- man. Without what experimenters in the late 8 
factory transformer, adequate insulation for the called “Westinghouse current’, these bless 
high transmission voltages and the design of a would have been largely confined to city dwell 
satisfactory alternating-current motor. To cap I want now to speak of George Westingh 
the climax, alternating current brought in its train as a great American. Of equal value to us as 
all the headaches of lagging currents and low nation, if we have the sense and ability to | 
power factors. Two other necessary details were it, is the example his life affords of those tra 
the development of an induction meter and a of ingenuity, self-reliance, determinati 
machine for converting allernating to direct cur- industry, which have made our nation what 
rent for electrolytic and other processes where The courage and persistence with which he ! 
such current was essential. lowed up his vision during long years, u 
This was a large order; but, convinced of the soundness of his judgment was proven, wer 
soundness of the principles involved, Westing- of true character and greatness. During this pe! 
house tackled it with characteristic vigor and sys- he had to face the determined competition t] 
tem, surrounding himself with the best research established majority in the electric service fi 
brains of his time. In rapid succession the trans- and the struggle was enough to daunt any but t! 
former was patented by Stanley in 1885, the split- stoutest heart. Mankind today is the benelicia P 
phase induction motor by Tesla in 1888 and in the of his steadfast faith. 55 
same year the induction meter by Shallenberger From the start of his inventing career he ! 
all these members of the Westinghouse team. consistently undertaken the manufacture of ( 
In 1890, Westinghouse built a small 100-hp., products of his inventions and had mad 
single phase, alternating current plant at the min- in the process. However, the bankers of | 
ing camp of Telluride, Colo. The vollage was 3000 were unwilling to put money into what they « y 
and the transmission distance was only three sidered an untried business without reta y 
miles, but the amount of copper required was very dominating position in its management! ry 
small compared to that needed by the direct-cur- condition seemed intolerable to the free s| 
rent plant proposed by Edison in competition. The George Westinghouse and was therefore st 
success of this plant led to the adoption of alter- but it placed on him the burden of doing his !'na Z 
nating current for the first Niagara Falls plant, ing from his own resources or from nds 
where Westinghouse installed three 5000-hp. poly- advanced without conditions by men ol : 
phase, alternating-current generators in 1893. who had confidence in him. In the last d 
These machines are the forerunners of modern his life he received a striking public recog) 
hydroelectric generators of well over 100,000 hp. his probity and integrity in his designatio! f 


Metal Progress; Page 1194 





Grover Cleveland and Morgan O’Brien, pre- 
se of New York State’s highest court) as 
stee of the entire stock of the Equitable 


issurance Society. 
In nmemorating the life of George Westing- 
‘ hich began 100 years ago, we express 


it at what he accomplished and gratitude 
s great contribution to our common life, and 
iraw high inspiration from the qualities of 


ijand heart of this great American. 


Scientific and Engineering Progress 
Insurance Against Aggression and Depression 


By Karl T. Compton 
President, Massachusetts Institute of Technology 


wie is il that is interested and responsible in 
having this insurance against aggression and 


ssion? There is fundamentally just one 
vel Mr. John Q. Citizen, individually and 
ctively. He wants security against aggression 

that he may live his life as he wishes 


hout outside interruption. He wants security 


st depression that specter of economic dis- 
which from time to time invades the country, 
the 


h he apparently has no control. 


kes him of circumstances over 


prey 
But, individ- 
y and collectively, what can he do about it? 
In order to answer this question it is neces- 
lo look to some of the organized groups 
ugh which the collective Mr. John Q. Citizen 
rates, namely, his government, industry (in its 
ispects of management and labor), and finally 
concerned with education and 
shall call 
Consider first the responsibility for insurance 
Here, Mr. John Q. 
‘signs this responsibility to his government, but 


find 


¢ 


inizations 
ch which I “universities”. 


sainst aggression. Citizen 
that the responsibility for insurance 
suinst depression is more divided, and govern- 

ndustrial management and industrial labor 


share about equally. So far as I can see, the 
srouy hich I have called universities is not 
clly contributory, 


turn next to an analysis of the opportu- 
es Which these various groups have to provide 
through scientific progress against 

sare n and depression, we should discriminate 
fundamental science, in which the work 

r the primary object of securing scien- 
vledge, and applied science in which the 
bject is some device which will satisfy 


nan need or desire. 
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In the field of fundamental science I believe 


that past experience, future trends and the whole 


AAA 


Lovern 


logic of the situation would assign priority 
to the \A to industry, A to 
ment, the field of 


would be industry 


universities, 
and B to 
the 


government! 


applied 
AAA, 


labor In 
science priorities 
AA, universities A, and labor B 

Finally, what can these various groups do to 
the thal 


scientific progress will contribute as effectively as 


provide implementat ion necessary so 


possible to the strength and security of our coun 


industrial and high 


Let 


prosperity 
the 


try and to its 


me discuss SrOups in 


standard of living? 
alphabetical order. 

The government has been active in science in 
first, through its 40 o1 


scientific and 


two general categories 


more permanent bureaus, second, 


through its calls for scientific assistance in times 
of emergency. In the latter category we find a 
peculiar and significant fact, namely, that th 
government has turned to the scientific resources 


of the country for help only in times of great 
national.emergency. The record is very significant! 
However, there are two pieces of legislation now 
before Congress that show evidence of a desire to 
change this singular situation, namely, the one to 


establish an Atomic Energy Commission, and the 


other to establish a National Science Foundation 
There is no point in my discussing them now 
except to say this: The Atomic Energy Commis 


sion or its equivalent is an absolute necessity, nol 
only for the future safety of our country, but als 
that the benefit 


advances in scicnce If 


country may from the = tuture 


nucleat ever any legisla 
tion was in the “must” category, this is an exam 
fail to 


legislation it will be a catastrophe and a disgrace 


ple; if Congress should idequate 


pass 

The legislation proposing to set up a National 
Science Foundation is aimed to promote progress 
in fundamental science in both the natural and the 
social fields, and also sets up a great program of 
scholarships or fellowships to replenish the defi 
in scientifically trained personnel created 
Both for 


against 


ciency 


by our policies during the past war. 


security against aggression and security 


depression, replenishment of personnel is more 
important than laboratories or factories because 
the 


delusion 


without scientists of highest caliber, labora 


tories will be only a and a waste of 
money, and factories will become obsolete 

There is just one thing about this which dis 
turbs many scientists, namely, the danger that it 
means of political patronag It 


may become a 


will require continual vigilance by high-minded 
citizens in order to prevent the degrading of sci 
ence even a few steps down the ladder whose bot 


tom is political patronage, log rolling and rackets 

















































Industry’s great role in applied science has magnified the size of the business and 


been to seize upon promising ideas for commercial number of men employed in production triby- 
exploitation with vision and avidity and to develop tion, sales, and services. I believe that s fact 
them with great skill into desirable products. is now generally recognized by progres labor 
Their skill in effecting this transformation has leaders and that, except perhaps in times of ynep 
been highly developed. Whereas the old motto was ployment emergencies, the more progress labo 
“from research laboratory to freight car equals unions may be counted on to lend thei: supp 
seven years”, the war gave many instances which to the efforts of management. 
could well have been stated in months! There are, however, some areas Ww] 
Three new trends have come into industrial intelligent action is needed. One of th s 
attitude toward research: connection with building codes. There js 
First, it has shown increasing interest in general conclusion to which I know of no « 
fundamental research. Most forward-looking com- tions: Whenever any regulation or code o) the 
panies engage in a certain amount that does not obstacle in agreement or legislation stands in t¢! 
have an immediate practical objective because the way of utilizing the most advanced and imp: 
highest type of research man cannot be retained techniques of production, or of erection a 
without some work on subjects which incite his assembly, or of design, then these restrictions 
scientific curiosity, and because the directors real- to the immediate disadvantage of the pub 
ize that very frequently ideas come from funda- to the ultimate disadvantage of labor. 
mental research that have a practical application Turn finally to some of the trends 4 
and that the company should have a small group universities——that major source of basic n " 
in its own organization sufficiently informed so as scientific knowledge. One can certainly say t! 
to give wise advice about new developments. scientific research is going to hold a higher | q 
Second is the undoubted fact that industrial in the future, even in our engineering scl 
management has become more liberal in the defini- There are emerging research “programs” b 
tion of its responsibility to its stockholders in around very important objectives, requiring s 
defining the limitations of its research activities. special cooperative organization within the u 
Management realizes that its responsibility cannot sity itself. Among these may be cited the rad 
adequately be discharged over a long term without tion laboratory in Berkeley, the four res¢ 
vigorous support of the scientific research which institutes recently formed at the Universi) 
provides the basis for industrial research. Chicago, and the electronics laboratory at Mass 
Finally, the attitude of industry as regards chusetts Institute of Technology. 
scientific research has become notably more Now just a brief word in conclusion: It s 
cooperative. This is shown in many ways, notably to me that the foregoing analysis justifies us g 
in the cooperation of many companies in a single looking forward to the future with a consid 
lield to establish and support fundamental scien- degree of faith and enthusiasm. We are \ 
tific research in that field, and in contributions an era of vigorous development both of s 
by individual firms either as gifts or through lib- itself and in the techniques of organiza 
eral contracts to educational or research institutes administration, and support, which | 
engaged in work along promising lines. In all of proper environment for scientific progress 
these instances, so far as I know, the contributing Two things seem to me to be essent 
company’s principal interest is to have the scien- are to realize the values for security and 
tific field advanced, to be kept very promptly perity which can come out of this progra ( 
informed of all new developments, and to have an is that the trends which I have described 
adequate supply of young scientists as a reservoir by general public education, carried 
for future employment. increasing understanding and support of M 
Let me turn now to the interests of labor. Q. Citizen. 
Traditionaliy labor has feared labor-saving The other important point is that the s 
machinery or methods. This fear receives an tific institutions cannot prosper un 
Impetus during any depression. The long-term contribute usefully to other aspects ol ty : 
view, however, leads to quite different conclusions and when society is in a healthy stat 
because those industries like the automobile, lamp, vides the necessary environment.  Thes 
radio, chemical and public utilities which, through aspects of society are most prominently ! 
the introduction of more economical methods of whole world today. They involve such 
production have been able to bring the cost of a as international peace, the healing of th 
product down within the reach of the average created by the war, and the relations 
citizen’s purchasing power, have thereby greatly management and labor. They includ 
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licies, such as the extent to which Mr. 
Q. Citizen is to be regimented, or to which 
tain a high degree of freedom of oppor- 
d initiative. They include the financial 
hich can, if unwisely handled, wipe out 


s 


CICcs 


t] servoirs for free enterprise. 

So those of us who are greatly interested in 
tributions which science can make to 
welfare must have also an intelligent and 

tive interest in these environmental aspects 

h t only affect the opportunities for scien- 


gress, but affect every aspect of our 


life and individual happiness. 


Planning in Science 


By Vannevar Bush 


Director of Office of Scientific Research and Development 


Uy" lO THE YEARS immediately before the sec- 
d World War, the contributions of science 
\merican life had been very great indeed 
ctly through medicine and allied avenues, and 
ily through the provisions of a myriad of 
s, instruments, machines. 
the past six years, however, a change o1 
ce has occurred in the activities of science 
change of prefound importance both for the 
{ science in our life and for the relation of 


tanning of science to other aspects of our 


seneral planning. This has taken two forms. 


One may be illustrated by the way in which 
vsicists, mathematicians, engineers, working 
th the Army and the Navy, demonstrated that 
‘tems hitherto used by scientists for finding out 

the probable distribution of molecules in a 
ystal or about the phenomena of electricity could 
verful aids in determining how to seek out 
sink an enemy submarine, or in ascertaining 
bomber formation most desirable from the 

{ ol More than that, they 

trated that the best, if not the only, indi- 
to carry over the application of these 


view of defense. 


thods to strange fields were they themselves 
scientists and engineers familiar with the 
thods at first hand, though at the outset entirely 
shorant of the new problems. 
in certain parts of the utilization of science 
the past six vears to supply instruments ol 
ther phenomenon of comparable signifi- 
urred. It took place when the instrument 
product of scientific investigation radar, 
ic bomb, but especially the proximity 


S is intrinsically so complex and delicate 


that it either required an utterly new process of 
manufacture or demanded in manufacture quality 
and other control procedures of exceeding intri 
cacy and rigorousness. The scientists who mas 
tered the seemingly impossible task of initial 
design and development went on from that 
because only they could do so and not merely 
supervised but actually controlled production of 
the fuse at every stage from assembly of basi 
components all the way through to final delivery 
of the finished product. Thus was an older situa 
tion reversed, and production became a function 
of research, not research a function of production 

Call the first the successful extrapolation of 
some of the methods of science to problems con 
sidered outside their range Call the second the 
successful translation of scientists and engineers 
into specialists in production and industrial tech 
niques. When we bring the matter down to thes« 
terms these phenomena suggest to me that the 
contribution of science to our life is in a fair way 
to become more and more a direct inteliectual 
contribution. This is not to deny that the fruits 
of prewar science did not grow originally out of 
intellectual effort. But, as we have seen in the 
wartime examples I have cited, such intellectual 
ability can be, and very effectively has_ been, 
applied to the solution of problems and the reso 
lution of difficulties for which it is not intrinsically 
designed. I believe that this situation will and 
must be greatly extended in the years to come 

These new intellectual contributions of s« 
entists (and engineers) will, I believe, consist 
primarily in an attitude toward factual data, in 
the effort at sharp and specific definition, in the 
endeavor, whatever the issue under consideration, 
to clear out extraneous side issues and focus 
attention and effort on the nub of the problem 
These things are fundamental in the planning 
which scientists do in their own work and | 
think we can agree that the planning has been 
pretty generally effective. They can be of equal 
value in other kinds of planning, particularly 
because much of our national planning in the 
future will necessarily be concerned with problems 
growing out of the work of science 

In our planning we may bring about serious 
harm if, looking upon the total industrial struc 
ture of the nation, we are misled by its great siz 
and complexity into regarding it as essentially a 
matured affair, old, settled down, with its days 
of pioneering far in the past. Nothing could b 
further from the fact. The United States, it is 
true, is an amazingly rich and powerful nation, 
with industry and enterprise diversified and versa 
tile beyond that of any other. But not even the 
majority of our present industry has reached the 
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stage where pioneering is no longer an expected observed. When it discovers or unco) 


part of its activity. And there lie before us a phenomenon, research tends not so 
dozen new fields in which only the earliest begin- appraise that phenomenon in the light 
nings of development have been made. The spirit so-called laws and to reject or abandoy 
and the courage of free enterprise never were nomenon if it does not conform to them tt \ 
more needed, never had greater opportunities than to bring hypothesis and theory into « 
in the United States at this moment. Hence there with the new data. 
has never been a time when it was more impor- Now by contrast, we recognize ou 
tant for men to remember that the essence of good ment as——by tradition and by agre \ 
planning is to preserve freedom of initiative. government of laws, not of men. This js } 
Our planning for science, as a part of our another way of saying that the governm: 
total national planning, must above all else foster tem under which we operate is essentially a | 
and facilitate the creative research spirit. We of agreed abstract principles which each 
have a compelling practical reason for this in the tion of men interprets and by which each ge: 
potency of applied research as a source of mate- tion of men is guided. Men to whom th: il 
rial benefits and full employment. We have an government is a first concern, in the sens 
especially great opportunity in developing the research is a first concern to scientists. ar 
fundamental research out of which applied must be profoundly aware of and responsi) 
research grows. The record of American applied the vast accumulation of law, of preceden \s 
science is a proud one; in basic research, we have interpretation. Their orientation is greatly | 
not done equally well, probably partly because we the past. They deal with external physical 
had the great resources of European science on objectively observed, just as does the 
which to draw. In time to come, we must carry But they must rely upon the heritage of lay 
a larger share of.the world responsibility for this. precedent. They tend to try to bring th 
During recent months, American national phenomenon into conformity with existin 
planning in science has been vigorous and active, and remember that their law, both substantiv: 
with scientists and engineers taking the lead adjective, is not hypothesis nor theory, b 
effectively in the long process of discussion and expressing the will of the people, and 
marshaling of evidence which is the necessary changed only as the wisdom and the will o! s 
precursor to any governmental action. On_ the people direct, and then only by processes 
domestic front, the most notable example is the established and necessarily deliberate. 
pending legislation which will bring into being a These are generalizations, and da 
National Science Foundation, and which will Yet I believe that the scientist or engi 
therefore establish formally and firmly an active sincerely desires to contribute his special s | 
partnership between government and science. the resolution of public questions must rr 
If scientists are to take a larger part in these as characteristics of government an 
national planning not directly concerned with recognize that public men tend in their t! 
science, however, there will be need for better to reflect them. To understand why thes: 
understanding between scientists and nonscien- as they are, and why government Is as 
tists. They have been rather wide of the mark in must give due weight to these matters, 
their evaluations of each other. Some scientists To conclude, then, we see before us 
have in all sincerity used phraseology which they of great trials, great duties, great reward 
would not have used had they understood its over- most precious of all the gains toward wl 
tones in nonscientific minds. Some nonscientists earnest unselfish work, we may hope t s 
have read into statements by scientists overtones is peace and good will among the nations 
that actually were not there. Each group has not In the trials and in the duties essential 
a little to learn about the other, and s‘trout the progress, the United States must take ts 
innate patterns of operation which the other fol- part, must bear its full share. For it lo do s 
lows from heritage, training, and natural aptitude. group and calling in its infinitely varied 
Scientists recognize research as the explora must give its strength of heart and mind 
tion of the unknown. The focus of its effort, then, common course. For us, who as scient 
is the new; its orientation is toward the future. engineers are familiar with special 
Its so-called “laws” -——its body of principles thought now becoming potentially usetul 
are not laws at all, but generalizations which seek and exacting ventures, there are open 0] 
to sum up and correlate the characteristics of a ties greater than we have known. It beh s us 
large number of phenomena. Research deals pri- if we would serve fully, to seek underst : 
marily with external physical tact, objectively ourselves and of our companions. 
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Horizons in Communications it will tend, I think, to make common use of plant 


facilities which must be provided in large amounts 


for other services. 


By Frank B. Jewett Two-way telephony seems destined to be by 
Vice-President, American Telephone & Telegraph Co. far the largest factor in electrical communication, 
President, National Academy of Sciences both because of its unique ability to bring distant 


parties together for normal ultimate conversation 


and because the whole social mechanism is becom 


\ the few minutes at my disposal the most prot- ing increasingly dependent on the telephone for 
al thing I can do is to devote them to elec- its eflicient operation. 
smmunications, the ones | am most The goal of ideal telephone service is that of 
iliar with, and consider mainly the horizons establishing connection between any two persons 
sed by social and economic factors rather anywhere, anytime, without delay, on demand, and 
in the more exciting technical possibilities to provide them a satisfactory circuit at a rea 
ly conscious that full development of any single sonable charge that is, one which will not be a 
of communication is not attainable without deterrent to usage when such usage is desired 
rence to developments in other forms of com To a large degree this goal is already being 
ition or the limitations imposed by them approached in this country and at various places 
is to the technical possibilities, the advances of elsewhere in the world. 
nee and technology in the last two or three Even today there is no insurmountable scien 
ides have been so astounding that in electrical tific obstacle to a substantial achievement of the 
munication there is practically no limit eithet goal if other factors permit it. These other fac 
the distance we know we can now go or have tors are essentially economic and administrative 
sonable expectation of attaining if it is worth Technology cannot furnish the whole answer, not 
to spend the necessary time, energy and does its contribution seem destined to be that of 
ney. Scientifically and technically we already some revolutionary new thing. Rather it will be 
how to avail ourselves of all the elements through meticulous attention to the infinitude of 
ssary to the giving of any desired service essential items which must be associated togethe 
S f these elements we have already developed in the complex organism 
fully; some are still quite embryonic. The Aside from the transmitter and receiver, th 
stance further that we go technically seems to be two great problems of any telephone system ar 
an economic question than a technical one. concerned with the trunk lines and with the infi 
Choice of available technological methods, nitely vast and complex switching mechanism 
more than one is availabk as wire and Because the social structure is organized as 
SS seems to involve basic characteristics s, with high packs of personal and business inte: 
he transmitting medium and man’s ability to course concentrated in a few hours, a peculiarly 
late it. lo the extent then that enginee: difficult probl m is presented lo be satisfactory, 
siderations do not govern in the future the to the public any grade of service must be uniform 
s will probably be found in those man throughout the entire day. This means that, in 
d things known as “vested interests” which anything approaching the ideal, enough circuits 
so prone to perpetuate even when society and equipment must be provided to give no delay 
ile a price for the perpetuation. service at peak times. From an economic stand 
Let us look first at telegraphy the oldest of point this is only possible if the costs can b 
trical communication services. In essence reduced so that circuits and switching mechanism 
San expedited form of letter service, desirabk can be provided in great profusion without impos 
cords of each transmitted message are in ing a deadening load of cost on the total services 
hands of the correspondents. So tar as transmission circuits are concerned 
‘elegraphy is beset on all sides by compet- the limiting factor is essentially cost of what th 
Local telephony has superseded it for the scientist and engineer can do 
iss Of short, quick communications. Even When it comes to switching mechanisms 
h long distance communication where the however, other large factors which are neithe 
‘sages are long, the telephone and cheap ait fundamentally technical nor economic are intr 
vice are serious competitors. Taking all duced. It is not inconceivable that a no-delay 
the factors technical and economic into service for tens of millions of subscribers calling 
sideration, the horizon of ordinary telegraphy each other in wholly random fashion could be 
hat of a moderately expanding service in a developed without aid of an operator and with 
ed field of communication. More and more full automatic registration of all data needed for 
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billing. The system would be so intricate, how- 
ever, that it is most unlikely that the necessary 
information for operation could be placed in the 
hands of each user, or that they would be able or 
willing to operate such a system. 

Radio broadcasting has already set the pat- 
tern for its future. Further technical develop- 
ments will doubtless alter the kind of arrangement 
of circuits and apparatus employed, but there 
seems little likelihood that the basic pattern will 
change materially. It has become a _ powerful 
implement in the social and political life of the 
nation and of the world—-so powerful in fact 
that great danger to society might easily result 
were it to become the tool of political government. 
In America it is a unique industry in that the ulti- 
mate consumer directly pays substantially no part 
of the cost of the service he receives. Looking to 
the future of its social significance, this pattern is 
probably the greatest insurance we have that it 
will not become an instrument of oppression and 
danger, but preservation of it will require unremit- 
ting watchfulness. 

For nearly twenty years now, since long dis- 
tance demonstrations showed its possibilities, 
television has been much discussed. So far, how 
ever, the horizons have been largely those of pos- 
sibility and hope rather than those of stable 
service. A vast amount of technical work has 
been done, given added impetus by war problems. 
Moreover, the art, while still far from perfect, 
is now sufliciently advanced to forecast a system 
which would be technically acceptable at least 
initially. Further, there is little reason to doubt 
but that expanding science will insure needed 
improvements. 

Here again, therefore, the extraordinarily diffi- 
cult controlling factors in creating an industry 
are essentially economic and commercial rather 
than technical. If television really does contain 
the germ of a great service, an obstacle to exten- 
sive employment of large screen television in thea- 
ters resides in the cheapness and speed with which 
motion picture films can be transported. It is not 
a factor where there is intense public interest in 
viewing at a distance actions exactly at the time 
they take place. It may, however, be the control- 
ing one in economic success where true television 
is not employed or where synthetic programs are 
involved. 

Likewise, since television service is tied so 
definitely to broadcasting and its methods, and 
since a sound-television set is bound to cost more 
than a simple loud speaking receiver, questions of 
the probable size and character of the audience to 
which the advertiser can hope to appeal become 
important. 


Aviation, a Phase of Transportation 


By Edward Warner 


President of Interim Council 
International Civil Aviation Organizatior 


A I look back on the record of a war conducted 
so largely in the air, I can give you pn 
guarantee that the airplane will improve th 
It will still lie in the realm of human relations | 
determine whether the world is to be improy 
but the airplane can contribute mightily if it is 
the hearts of its users to use it to that end. In its 
growth it ought indeed to be a civilizing force, |; 
will be, if those who operate and use it and thos 
who deal with it on behalf of governments a: 
determined to make it so. 

The airplane has two characteristics that giy 
it value for civil use. It gives more rapid trans 
portation, by far, than is available by any ot! 
means. It can go directly from one point 
another, avoiding unfavorable terrain, and with 
requiring much preliminary construction 

This second characteristic of the plane as ; 
form of transport is that it is peculiarly at the dis 
posal of the pioneer. Operations can be 
on a limited scale, almost immediately, with 


| i 


more preparation than the clearing of a land 
strip. It can be maintained for an amount of trafl 
so small that it would never justify prepara 


for any other form of transport. Consequent|) 


among the social effects of the airplane, the chang 
that it has wrought in the status of the dweller 
remote places is one of the most notable. 

Another of the airplane’s general chara 
istics is that it is primarily an instrument of ! 
haul transportation; but the romantic appeal 
intercontinental flight overshadows the m 
prosaic business ol carrying passengers betwee 
London and Paris or New York and Pittsburg! 
Yet it is between the nearby points that the larges 
numbers of travelers move. Other things being 
equal, the total volume of travel between 
cities increases as the distance between 
decreases. On the other hand, the percent 
passengers that will choose to use the airplan 
increases steadily with increasing lengih of Jou! 
ney from 100 up to at least 1000 miles. 

As a vehicle which is not suitable |! 
short hauls, the airplane naturally has a 
ratio of international to domestic traffic U 
Whether that 
tion will increase in future, and how muc! 
increase, will depend primarily upon 
existing annoyances and obstacles continue 


other forms of transport. 
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omaly that 40 years ago the crossing 
lantic needed a week at best, but the 
n for the trip took no longer than was 
» pack a suitcase, call a travel agency 
ket, and write a check in payment; 
it the present time the Atlantic can be 
less than 12 hr., but it is a very fortu- 
veler who can make his way through the 


iry barricades of passport and visa 


itions and the like, in less than a week! 


the international contest in developing ail 


yortation is to work for good, it must fit cer- 


ecifications. It must not provide the occa 


I 
I 
I 


th 


| 
} 


litical or economic pressure of the strong 


the weak. It must not admit of purely 


| 
} 


live and negative attitudes, holding the 


isser-by for ransom. It must avoid dis- 


ition between nations. It must hold the 


f opportunity open to all. It must provide 


\ 


] 


pl 
gh their skies without touching the ground. 
ercise that right, or to claim a price for pas- 


to unfair or destructive competition. 

reign states now have the right to bar one 
's aircraft unconditionally from their air 
They have the right to prohibit the trans- 
ines of others from even passing briefly 


would be a selfishly restrictive exploitation 


graphical position. It would fill the victims 


in enduring sense of outrage. Yet the 


hange of air commerce is now subject to special 
ingements between the states, two-by-two, and 
these negotiations it is almost impossible to 


d political or economic pressures to gain spe 


rie 


mecessions, 
The world wants the highest quality of ai 
rt service; it wants such services to be in 


supply, maintaining direct and convenient 


nections among all the parts of the world. It 


nts services which all may use; and in the pro- 


f which all will have an honest chance. 


| have spoken first on some of the political 


administrative problems which international 


has created because they seem most signifi- 


} 


determining the effect of air transport 
e quality of civilization, and because the 
S of aircraft design, insofar as tl ey have 
led the quality of service rendered, have 
lved. 1 do not mean there will be no further 
ment in the airplane but it will produce 
lamental change in the kind of service; 
idy have a vehicle which is capable of 
vwhere. 
he technology of airline operation, on the 
ind, critical problems still await solutions 
uld permit fundamental changes in their 
The realms of air navigation and air 
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traffic control present even more urgent demands 
for invention of revolutionary character. The 
greatest advance that can be made is not in speed, 


or even in economy, important as that is, but in 


regularity. When cancellations on account ol 
weather are reduced to a tenth of their present 
number, air transport’s whole status will b 


changed. Thanks to wartime development in radio 
and radar, and to improved means of preventing lee 
formation on the airplane, we now know how that 
change is to be made, but the greatest need of the 
near future is to take the necessary administrative 
decisions and to make the necessary installations 
of equipment so that aircraft can be operated 
freely on world-wide routes, with assurance that 
the same types of navigational aid will be availabl 
to them everywhere and that the same indications 
on the same instruments on the board tn front ol 
the pilot or navigator will mean the sam thing 
everywhere. 

Despite the passage of lo years since radi 
aids to instrument landing were first demonstrated 
there has not been a single installation of instru 
ment landing equipment in North America for 
routine use in civil transport. Our radio approach 
methods are only designed to bring the pilot t 
the edge of the airport; from there on he must se« 
his way. Yet during the war it was demonstrated 
that under military conditions regularity of serv 
ice can be maintained in all weather and zero ceil 
ing except during the heaviest icing conditions and 
violent thunderstorms. 

Another problem that awaits solution by radi 
and radar experts will grow more pressing. That 
is the problem of air traffic control, which is now 
handled by a person on the ground who must 
visualize the traffic pattern for his area Phi 
scheme is workable only if aircraft are kept sepa 
rated by distances enormously larger than would 
be needed for safety if the directed pilots were 
always in direct visual contact with one another 
The ultimate answer to the traflic control problem 
must include something in the nature of a search 
radar in the aircraft which will give the pilot 
enough information about the position of neigh 
boring aircraft so that he can shape his ow! 
course when flying on instruments with a clos 
approach to the ease and certainty that he would 
enjoy in perfect visibility. 

Looking back on the past 20 years of all 
transport development no one could doubt the 
future New developments will take place; new 
inventions will be made. Step by step the quality 
of air transport service will improve, and it will 
become more reliable and more economical It 
will assume increasing status as a major element 
in the world’s transportation system 





































































The Future of Atomic Energy 


_~ 
Atomic Explosives appeared so to us too, if there had ; he 
greater one, for we are still faced with tl! 
there exists in the world today no mac! ry 
By J. Robert Oppenheimer making effective a prohibition against the nat; 
Formerly, Director of Los Alamos Laboratory development of atomic weapons. In t g 
of Manhattan Engineer District this fact, that to my mind touches upon 
of the problem, the close technical parallelism 
interrelation of the peaceful and the military aq) 
HIS PHASE of the subject, if not the most enter- cations of atomic energy cease to be a diffi 
taining, is at least the most important. I cannot and become a help. This does not, unfortung 
tell you of the probable future technical develop- mean that they guarantee a solution. But 
ments of atomic explosives, for when the war was mean that they provide a basis for seeking 
over we recognized that we had only scratched the healthy solution that would not otherwise exist 
surface of this problem. But there is only one If there were nothing to do with atomic . 
future of atomic explosives that I can regard with but make bombs, there might still, it is t 
any enthusiasm — that they should never be used in convention between nations not to do s 
war. Since in any major total war, such as we proposals have been current for supp! g 
have known lately, they will most certainly be such an international convention with some | 
used, there is nothing modest in this hope for the of international action. One of these would 
future: It is that there be no such wars again! a scheme of inspection, whose sole functi 
Some months ago, a group of us, acting as con- be to attempt to establish that the convent 
sullants to the Secretary of State, spent many weeks in fact being observed. I doubt whether | 
exploring this problem. We recommended the for- tions between this agency and the nations 
mation of an International Atomic Development nationals whom it was instructed to poli 
Authority* entrusted with the research, develop be such as to diminish the nationalism leading 
ment, and exploitation of the peaceful applications war, or to inspire the confidence of the nal 
of atomic energy, and the elimination from national each other, or to advance the cause of the 
armaments of atomic weapons tion of the world, or to serve as a useful prot 
In this proposal we atlempted to put into a for the elimination of weapons of mass desh 
constructive context two sets of facts, long recog perhaps equally, perhaps more, terrible 
nized. ‘The first of these is thet the science, the The second suggestion for internationa 
technology, the industrial development involved in to supplement the renunciation by nal 
the so-called beneficial uses of atomic energy are alomic armaments has a more aflirmative 
inextricably intertwined with those involved in ter. It is that an international ageney hi 
making alomic weapons The same raw material, with the making of atomic weapons. This has 
the plants of an atomic power program, the vari- weaknesses, and probably fatal ones 
ous fissionable materials derived from uranium and serious is that there is nothing that an inter 
thorium, the same physics which must be learned agency can do, or should do, with such wea] 
and studied and extended in the one field will help They are not police weapons The se 
with the other (although there are of course some culty, desperately acute, is that such s! 
things in the higher art of bomb-making that as vet atomic weapons, however earnestly they 
appear to have no other application claimed international, however ingeniously 
Thus a mere prohibition on the activities of distributed on earth. would nonetheless 
nations in the field of atomic energy sufliciently most terrible temptation to national seizui 
incisive to prevent rapid conversion to atomic almost immediate military advantage that t 
armament would at the same time close this field might afford. 
to the national exploitation of any of its benefits Therefore it is time to turn to the se 
This tact, which further technical developments great difficulties that have from the ou! 
appear unlikely to invalidate, has long been regarded as preventing any effective inte! 
regarded as an almost decisive difficulty on the control —the absence in the world todas 
path of international control. It might have machinery adequate to provide such cont! 
*Outlined in Metal Progress for May, page 992. precedent for such machinery, any adeg 
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re past to provide such precedent. Just 
reason why the problem is so much of a 
why we may be sustained by the hope 
precedent, 
It did not 


itomic weapons to make wars, to make wars 


ts solution would provide such 


rns, for a wider application. 


ble. to make wars fatal. 


bomb, most spectacular of 


inextricably 


tut the atomic 


yveapons, most intertwined 

constructive developments, least fettered by 

r by vested interest or long national tradi- 

has to many seemed the place to start. 

Many have said that without world government 
uld be no permanent peace, that without 


would be atomic warfare. I think one 


inere 


with this. Many have said that there 


wree 
| be no outlawry of weapons and no preven- 
f war unless international law could apply to 
tizens of nations, as federal law does to those 
Many have said 
the 
ng authority could be halted by a veto. I 
with that too 


who argue that these things are directly pos- 


s. I think one must agree 


itomie energy could not be controlled if 


e must agree However, with 
in their full and ultimately necessary scope, 
rather diflicult to Now the 
{ the State Department's board of consult- 

s that in the field of atomic energy there be 
» a world government, that in this field there 


iv i agree pro- 


inciation of national sovereignty, that in this 


i there be no legal veto power, that in this field 


| 


be international law. 


low is this possible, in a world of sovereign 


this 
that dest roys 


e are only two ways in which ever 


be possible: One is conquest 
ty; the other is the partial renunciation of 


sovereignty. 


Whatever else happens, there is likely to be a 


< 


the 


Should these discussions eventu 


1 of the control of atomic 
Nations 


e proposal of an International Authority, 


energy in 


posals would be presented for ratification 
Each 

the great, can exercise its sovereign right t 
such ratification. Should that happen, there 
be no Atomic Development Authority, and 
trust- 
But 


Ss into existence, and insofar as it stays in 


veral nations nation, the small as 


ibly (in my opinion, probably) no 


ternational control of atomic energy. 
it will provide, in the field of atomic 
the international sovereignty whose neces- 
been so generally recognized 
will be 


into existence 


rned, can be repeated; a commitment that, 


ming a step that, 


de in one field, can be extended to others 
ild not be possible if there were nothing of 


if the prevention ol 
all othe 


activity were technically so separable and separate 


value to do with atomic energy, 


atomic armament were its only concern, i 


from atomic armament that it could remain in 
national hands. In the long struggle to find a way 
of reconciling national and international sovet 


eignty, the peaceful applications of atomic energy 


can only be a help. It is perhaps doubtful that we 


should have had a federal government had not 
those functions that could not safely nor effectively 
be carried out by the States had a certain impor 


tance for the people of this country 
No thoughtful man can look to the future with 


co ylete assurance tha ie world wi rol aga r 
‘omplet uran that the world ll not in | 


ravaged by war, by a total war in which atomik 
weapons contribute their part to the ultimate wreck 
of our western civilization. My own view is that 


the development of these make, if 
wisely handled, the problem of preventing war not 
than it 


otherwise have been, and that this is so not 


weapons can 


more hopeless, but more hopeful would 


Thi rely 


because it intensifies the urgency of our hopes, but 


because it provides new and healthy avenues of 
approach. 

If we are clear on this, we shall have some 
guide for the future 

Nuclear Power 
By Enrico Fermi 
Professor of Physics, University of Chicago 

| bers ATTENTION of the public in the problems 

of atomic energy has been centered so fat 
primarily on the military side of the development 
There are, however, a number of possibilities for 
the peacetime uses of atomic energy which in th 
long run may prove more important than the 
bomb Speculation along these lines f cours 
can be only ve! vy sket hy , as diflicul , { W ld 
have been one century ago to guess the develop 


ment of electricity 


Chain reacting “pil s”, in which energy is 


produced at an easily controllable rat 


onerated for over three years Starting with the 


first pile, which was run only up to 200 watts thy 


units by 


SSIiVeE 


power has been ste pped up In succes 


The piles operated at Hanford 


enormous tactors 


Wash., for the synthesis of plutonium prod 
*D Fer is brief exp it i tine eul 
reactions d the « trol f niles” is tted: thes 
points were ck ly presented nm © ‘ 
densath of the “Smyth Report ted 1 Vet 

Progress last Dec Det 
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energy in amounts comparable to that of the larg- 
est hydroelectric plants. However, the energy that 
is produced in the piles built until now is delivered 
at such a low temperature that it is of no practical 
use. In the Hanford plants it actually is wasted 
for the extremely unconstructive purpose of heat- 
ing, by a small amount, the waters of the Colum- 
bia River. 

The chief technical difliculty which stands at 
present in the way of production of atomic energy 
for practical uses is this very fact, that in all the 
reacting units that have been constructed the 
energy is produced at a very low temperature. 
This undoubtedly is due to a great extent to the 
fact that their primary purpose was not produc- 
tion of useful power but the production of 
plutonium. But there is no known practical limita- 
tion to the temperature at which energy can be 
produced by a fission chain reaction. Indeed there 
is reason to believe that in the explosion of the 
atomic bombs temperatures perhaps as high as 
1,000,000° C. 

For machines designed to operate at a steady 


may have been obtained. 


level a practical limitation is imposed by the 
refractory properties of the materials used. In 
this respect, the choice of the materials is quite 
critical because not only their ability to stand high 
temperatures must be taken into account but also 
one must consider the adverse effect that foreign 
materials may have on the nuclear reaction itself, 
When this 
absorption is large the heat production stops. 


since most materials absorb neutrons. 


It has been mentioned that the essential fuel 
in piles of the Hanford type is U**® which repre- 
sents only 0.7% of the total weight of natural 
uranium. The content in fission energy of uranium 
is roughly 3,000,000 times that of an equal weight 
of coal. If only 0.7' 
the practical ratio will be about 20,000. 
figures point to the importance of devising meth- 


of the uranium is utilized, 


These 


ods for the complete utilization of the energy of 
uranium. 
there still are fairly large uranium deposits which 


This may not be very pressing since 


can be mined at relatively low cost. 

On the other hand the energy value of one 
pound of uranium is so great that even an enor- 
mous increase of cost of this material may not 
interfere with its economical use as a source ol 
power. Indeed 3,000,000 tons of coal, equivalent 
in energy content to one ton of uranium, cost 
about $8,000,000. 
the raw materials, urecium and coal would 


Consequently, as far as cost of 


become equivalent for a price of uranium of $4000 
per lb. Before the war the cost of uranium was 
about $2 per Ib. 

We might conceive that 20 or 30 years from 
now the general scheme of atomic energy produc- 
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tion may be perhaps about as follows: 
be large central installations in which 
amounts of power will be produced a 
formed into electrical energy or steam 


power consumption. Besides producing 
power, these large units may also prod 
amount of plutonium which will be ext: 
distributed to small installations in whi 
nium and not uranium will be used as th: 
fuel. This plan would have the advantag 
mitting wide use of relatively small pow 
thereby reducing very greatly the diffic 
electrical distribution. 

However, there is no denying the facet 
the possible use of plutonium for aggress 
fare constitutes a difficulty for the indust: 
of atomic energy that is much greater t) 
technical difficulty that we can foresee. Th 
lem of preventing this use is essentially polit 
and not technical, and I do not see much h 
solving it unless the very basis of the relat 
among nations should be thoroughly changed 
the future years. 

One more characteristic of atomi 
units will prove a serious limitation to the 
eral use. That is the necessity to shield th 
with such materials as to prevent the escay 
lethal radiations. ‘This will prevent several 
of atomic power. It does not appear possibl 
instance, to design an atomic power unit 
enough to be used in an automobile or in a | 
of ordinary size. Perhaps a large locomotiv 
be the smallest mobile unit in which an al 
power plant conceivably could be installed 

We may summarize this discussion by s! 
that there is definitely a technical possibility 
atomic power may gradually develop into 
the principal sources of useful power lf 
expectation will prove correct, great advan! 
can be expected to come from the fact that 
weight of the fuel is almost negligible. This 
ture may be particularly valuable for maku 
power available to regions of difficult access 
far from deposits of coal. It a!so may pro\ 
great asset in mobile power units for eX 
in a power plant for ship propulsion. 

But the chief obstacle in the way o! 
ing atomic power will be the difficulty of 
ing a large scale industrial development 
internationally safe way. One might be led 
question whether the scientists acted wise!) 
presenting the statesmen of the world Ww tl 
Actually there 


Once basic knowledge is acquil 


appalling new problem. 
choice. 
attempt at preventing its fruition woul 
futile as hoping to stop the earth from | 
around the sun by decree. 











Radioactive Isotopes for 
Diagnosis and Cure of Disease 


By W. Edward Chamberlain 


Professor of Roentgenology and Radiology 
Temple University School of Medicine 


IFTY YEARS AGO, on March 1, 1896, Becquere! 
F liscovered the radioactivity of uranium. This 
nears to have been man’s initial exploration in 
field that occupies our attention at this time. 
‘898 the Curies had discovered radium. Soon 
biologic implications of atomic energy became 
rent through injuries to Becquerel and other 
rkers Evidence accumulated that the 
vs from radium, along with those from X-ray 
es, could be used with benefit in the treatment 
Thus 


soon 


uecer and a number of other diseases. 

earliest application of atomic energy to biol- 
sy* lay in the field of treatment. 

The ever accelerating advance of 
human facets; it even follows 


science 
hibits some very 
les that might be stigmatized as fashions! A 
d example is to be found in the influence which 
‘ir William Osler still the medical 


|. Osler’s system of teaching and practicing 


ul 


wields over 


licine, and his approach to clinical research, 
e emphatically based upon the autopsy. He 
successfully foretold the autopsy findings, 
d 100 per cent! 

refreshing is the shift of 


s from Osler’s morphology to where we 


But how recent 


has 
n to uncover disease at a stage when it is still 


{nd from the standpoint of scientific 
rest there is no comparison. The new science 
c energy will benefit biology and medicine 
ily directly, as when radioactive isotopes 
cyclotron, betatron or chain reaction pile are 
. on’s Novi A complete afternoon’s program 
ted to recent advances of radiology in biolog- 
ce. ConNELIS B. VAN Nie, professor of micro- 
t Stanford University, speaking on the subject 


1 Life Photosynthesis” showed how the 
dioactive tracers has thrown an entirely 
t on the reaction between H.O and CO, that 
ed by chlorophyl. All previous work had 


on the assumption that the oxygen released 
eaction came from the CO,; as a matter of 
es from the water. Grorce W. BEapLe, 
at Stanford University, described 
many 


{ biology 


nents on genes; since there are so 
kinds of these giant molecules, indistinguish- 
rdinary 
of radiating 
g ability, and then putting portions of it into 


lac k ot 
dead 


tests, he has ‘hade use of the 
a sample, thus killing its self- 


itures and studying the reactions o1 
thus finding out at least 
ld have done. 


what the 
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put to work as tracers, or as therapeutic agents, 
but indirectly, through the spectacular advances 
which it has produced and will continue to pro- 
duce in all scientific thinking. 

At this point it might be well to glance over 
some outstanding recent examples of radioactive 
When radioactive 
isotopes of iodine became available, doors opened 
in all directions in the study of diseases of the 
thyroid gland. For example, a patient with clinical 
evidence that the _ thyroid supplying 
hormone at an abnormally high rate may be fed 
(0.1 radioactive 


If then a Geiger counter is applied 


tracer technique in biology. 


gland is 


a minute dose microgram) of 
sodium iodide. 
over the skin of the patient’s neck, the rate at 
which the iodine becomes concentrated in_ the 
thyroid gland can be determined with remarkable 
and entirely adequate Cases have 
already come to light where this technique, giving 
negative that the patient's 


trouble is produced by some gland other than the 


accuracy. 


results, has shown 
thyroid, as supposed. 
Radioactive iodine is also particularly inform 
tech- 
After 


radioactive 


ative when used in another very valuable 


nique, the so-called “radio-autograph”. 


having received a suitable dose ot 
iodine, bits of thyroid tissue are sectioned and held 


The 
then 


in close contact with a photographic film 


developed film and the sectioned tissue are 


studied microscopically. By comparing the micro 


scopic sections and the radio-autograph films at 


identical magnifications, it is possible to determine 


just which elements in the gland structure have 
taken up the iodine, for the microscope reveals the 
location of the film blackening that was caused by 
the radioactivity. In cases of cancer of the thyroid, 
the method is particularly valuable in that it may 
be a guide to treatment. 

radioactive 
stable 


the physiology of the patient in any discernible 


The value of isotopes is that they 


mingle with the element without altering 


way, and that very minute amounts need be used 


one part in ten billion for sodium in salt Of 
the hundreds known, relatively few are availabl 
as biological tracers, either because they disint 


grate too rapidly, they are not involved in biolog 


ical processes, are nol availabl in suflicient 


abundance, or release inade quate energy for detec 


tion However, it would be diflicult to over 


emphasize the advantage of the tracer techniques 
brought us 


Radioactive iron has important 


new knowledge on the red blood sodium 1s 
used for studies of circulatory time and efficiency 
gastro 


and of the iunction of membranes in the 


tract: 
functions of the 


intestinal carbon has given startling infor- 


mation about liver: calcium and 


strontium in studies of bone metabolism 







































Of all tracer substances the one that stands 
out as the most useful and interesting for the 
biologist is radioactive phosphorus. Phosphorus 
plays an essential part in the metabolism of all 
living cells, in the plant world as well as in ant- 
mals. It tends to become concentrated in an 
organism wherever growth and formation of new 
cells are most active. 

This gives it important implications for can- 
cer research and cancer therapy. In this by-product 
of atomic energy we are on fairly familiar ground, 
for the ionizing radiations from natural radio- 
active sources such as radium and 
radon have been used in treatment 
for nearly 50 years and we have 
accumulated a great deal of expert- 
ence in this field. Based upon this 
experience, certain conclusions may 
be drawn with a fair degree of cer- 
tainty. 

Also, based on experience, we 
need to be warned against over- 
optimism. Cancer has been cured 
by irradiation in many thousands ot 
cases and the percentage of such 
good results has increased steadily 
throughout the years. This improvement has been 
due in small part to improvements in equipment, 
in large part to increased knowledge and skill of 
the radiologist. With some caution, then, let us 
look at certain exciting and intriguing aspects of 
our subject. 

Radioactive isotopes of iodine were at once 
proposed for thyroid cancer. Radioactive phos- 
phorus and sodium have been administered in some 
hundreds of cases of leukemia (excessive propor- 
tion of white co*puscles in the blood), and some 
What indiscriminately in cancer of many cell-types 
and different anatomic distributions. Some work 
has been done in the treatment of bone tumors 
with radioactive calcium and strontium. 

In the main the results have been disappoint- 
ing. The reason may not be far to seek, and may 


be illustrated by phosphorus, 


Cells that are multiplying rapidly display an, 


appetite for phosphorus that is something to 
marvel alt and to take advantage of. But the 
difficulty seems to be that certain essential, normal 
cellular components of the body share this appe- 
tite, and when enough P*? is administered to put 
an end to the tumor we are in danger of seeing 
also the end of the patient! Even where the bone 
tumor is unusually radiosensitive, the blood form 
ing organs are likely to be equally sensitive. A 
dose that is safe for the red bone marrow will 
probably fail to cure the tumor, Unfortunately, 
on the other hand, a dose that is adequate for cure 








of the tumor may cause the death of t) atic 


in the preceess. sot 
In acute forms of leukemia nothing ms 
benefit the patient. But for many y X 


therapy has been found valuable as a 

agent in chronic forms of this disease; | 
apparently at least as efficacious as X-ray (| 
and exhibits a number of advantages fre T 
nical standpoint. 

The one disease in which P* ha 
established itself as the best available 1 R 
polyevthemia vera. This is a disease in c] 
bone marrow puts out too many 
blood corpuscles and the ci if 
blood becomes too thick 
normally through the capill 
When a patient with this condit 
is given P the radioactive 
voes right where it will do the n 
good and the bone marrow begins 
behave better. 

Other byproducts of the pl 
cist’s nuclear researches are yi 
be explored. The biologica 
of the beam of fast neutrons 
cyclotron are measurably d 
from those of \-ray beams. Possible ther 
applications of slow neutrons are being looked 
In these, as in all cases, therapy with rad 
a two-edged sword, and should be used 
people with adequate experience. The sum f 
human misery that has already been caus 
X-ray and radium is enough to give one | 
especially as almost every bit of it could 
been avoided. 

Attempts to foretell the future ol 
energy require courage, if not foolhard 
Nevertheless a few things seem to stand oul 
boldly as we look at the record. From tl 
of view of biology and medicine, a truly ! 
future can be predicted for atomic energ) 
vided its potentialities as an explosive do 
to the total destruction of our civilization 

The extraordinary achievement of 
hattan District’s scientists was a _ result 
mendous and beautifully coordinated « 
which the whole nation shares the cred \\ 
should we not embark upon another tre! 
and coordinated effort, designed to solv 
pressing questions in human relations 
greatest of physicists, chemists and engin 
be brought together for the bomb that 
place in history, why cannot the greatest 
the fields of psychology, psychiatry, hun 
tory and social techniques be similarly aI 
together? With God's help, man’s inhun 


man might turn out to have been a curabl 
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otopes in Chemistry and Metallurgy 





By Hugh S. Taylor 


Dean of Graduate School, Princeton University 


i: MANTLE of the prophet sits uncomfortably 
T the shoulders of the scientist. We are all 
th the physicists of the early 1890's and 

f that there was no further future for 
than the determination of additional deci- 
es in the data of physics then known. Nor 
scientist speaking of the postwar future 
in 1919 or 1920 ever have forecast the 


us advances that the last decade has 
All that one can hope to accomplish, 
re, in taking up such a task after World 
I! is to trace the evolution of one’s own area 
nee in the immediate past and venture a 
extrapolation into the years immediately 
This then is my apology in advance for 
novelty there is lacking in what will follow 

he curve of progress in chemistry that we 
to chart for extrapolation into the vears imme 
y ahead is itself relatively brief. It dates in 
we from the discovery by Urey in 1931 of the 
y isotope of hydrogen and the swift translation 
it discovery into the separation of these two 
es. That achievement made it possible for the 
st to formulate the problems that he could 
¢ to solution with the aid of isotopic nuclei and 
hitherto had escaped his techniques of meas- 
nt rhe 
er boy in journeys of discovery which 


isotope has become the chemist’s 


iS 
it the isotope were impracticable. The years 
ng Urey’s discovery of heavy hydrogen were 
vield of isotopic products with which to 
Thus, by 1940, the 

, 


list was aware of the existence of 277 stable 


into this virgin field. 


pes and nine of the naturally occurring radio- 
its There were in addition 370 known in 
the product nucleus was not stable but 
rgoes turther radioactive change. 
Prior to the war effort only the stable isotopes 
irogen, of carbon and of nitrogen had been 
rated on anything more than the gram scale 
sis had permitted the production of heavy 
by the kilogram and the exchange reactions 
ped by Urey for carbon, nitrogen and sul- 
indicated the possibility of commercial 
1 of the stable isotopes of these elements 
var effort transformed our concepts of 
We demonstrated that electro! 


iter, coupled with a suitable chemical 


paration 


eaction between the effluent hydrogen 
ing water, could be used to produce 
er in tonnage quantities as a byproduct 
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in any large-scale electrolytic hydrogen-oxygen 
unit. More significant, however, was the demon 


stration that isotope separation could also be 


achieved on a plant scale at the opposite end of the 


periodic table, in the separation of the I and 
L235 jsotopes whether by simple diffusion through 
membranes, thermal diffusion, or by the mass spec 
trographic technique 

The significance of these achievements may 
thus be summarized: The large-scale separation ol 
the stable isotopes of hydrogen and uranium, rep 
resenting the simplest and most difficult cases, has 
now been achieved. The large-scale separation, 
therefore, of any intermediate stable isotopes in the 
periodic system can be reduced to practice when 
ever the necessity for such is indicated. Separation 
of the stable isotopes becomes thus a standard 
manutacturing technique 

Dy Taylor then described the notation used by 
the physical chemist to describe the nuclear reac- 
tions and classified the various known types. These 
matters were adequately presented in the “Smyth 
Report’, summarized in last December's Metal 
Progress 

The processes known in 1940 included bom 
bardments of atoms by neutrons yielding alpha 
particles, protons, gamma rays, or two neutrons 
Also known in 1940 were a series of nuclear rea 
tions in which neutrons were produced by bom 
barding nuclei with protons, deuterons and alpha 
particles. There appears to be no reason why the 
reverse processes should not occur Indeed, with 
the sources of neutrons in high concentration that 
nuclear fission provides, we may expect to record 


they mav already 


all these processes ot change 
have been achieved. When the data are in, it is ce! 
tain that the chemist will have at his disposal many 
more than the 370 radioactive isotopes of the 92 
elements that he knew of in 1940 The larger the 
range of his knowledge in this area the bette 
equipped will he be to master the details of nuclear 
structure and its stability 

In what areas of chemical science will all these 
isotopes, stable and radioactive, provide new tools 
for study and research? 
Clecisive 


\' receive 


Disputed mechanisms can n 
tests in chemically homogeneous systems as well as 
in reactions at surfaces. For example, ou now 
edge of mechanism in ammonia synthesis is 
already more certain with studies of heavy hydro 
gen and heavy nitrogen exchange on catalyst sur 


faces Experiments with heavy hvdrogen hav 
I 


given much information about the role of catalysts 
in the various transformations of the hydrocarbons 
There are great divergencies in catalvsts with 
respect to their ability to break carbon-carbon 


bonds, and it is such knowledge which governs th 



















































choice of suitable agents in the gasoline and liquid methods based on the measurement of th 
fuel industries. A company manufacturing gaso- emitted is at once obvious; active prog: 
line has already undertaken the industrial produc- area is already underway. 
tion of heavy carbon, C', the stable isotope- Problems of fluid flow in industria! 
while C'*, the long-lived radioactive carbon with a will be immensely aided in their solut 
decay period of more than 1000 years, is promised availability of isotopes both stable and 1 
as a byproduct of the uranium pile. Already, as a byproduct of the atomic en 
The availability of radioactive isotopes from effort, the whole problem of vacuum techni 
the nuclear reactions in the uranium pile will an industrial scale has been immensely assisted 
increase the utilization of tracer techniques in the is now known that huge plants can be assembleg 
area of metallurgy and metallography. Metallurgi- which can operate at low pressures with a complet 
cal techniques frequently involve reactions between freedom from leaks. The discovery of leaks 
solids and gases, and it is precisely this area of means of a probe gas, using rugged industrial mass 
chemical kinetics that has been the least penetrat- spectrographs and semiskilled operators, 
ingly studied by scientists. Tracer techniques have recorded by P. C. Keith in his account of the rok 
an immediate applicability to such heterogeneous the process engineer in the atomic bomb proj 
reaction processes, and the uranium pile (since it By injecting radioactive tracers into any movi 
is capable of yielding generous quantities of radio- mass of fluid the pathways which the fluid tg 
active metals in all areas of the periodic table from and the relative distributions through several paths 
light to heavy metals) will notably assist in the can be continuously measured and recorded 
prosecution of such studies. The history of science reveals that after ea 
Similarly, in the metallography of pure metal major advance in devising new tools for ex 
and alloy structures the utility of radioactive ment, the progress of the science develops at a swil 
tracers will help to solve such problems as grain pace while the new applications are explor 
growth, diffusion through lattices and along crystal their many possibilities. We are in such an 
boundaries, alloy structures and superlattices. Here of progress today, and especially to the y 
is a rich field for future work. scientists is this a golden opportunity. To t 
In analytical chemistry the radioactive tracers can address the words attributed to Tych 
may be expected to find service in speeding up the “Take thou the splendor, carry it out 
routine analysis of industrial products and inter- Into the great age I must not know, 
mediates. Development of automatic and recording Into the great new realm I must not tread 


Peacetime Implications cf Biological Warfare 


By George W Merck “The value of biological warfare wi 


debatable question until it has been 
} 


President, Merck & Co., Inc., Rahway, N. J. proven or disproven by experience. Th 


assumption is that any method which 
— : , . to offer advantages to a nation at wal 
[OLOGICAL warfare, as its name indicates, vigorously employed by that nation. There 


; 


involves the use of germs against human beings, one logical course to pursue, namely, to s! 


plant and animal life. As it has been developed in possibilities of such warfare from every 
make every preparation for reducing its eil 


this country, it includes the use of synthetic agents . r 
ness, and thereby reduce the likelihood of 1 


to destroy or distort plant life. 

It is not new; it was employed on a limited These objectives were obtained by a 
scale in World War I. It has now advanced sufli- organization in which the Army, the Nav) 
ciently to be considered a “threat in being” of equal civilian scientists (in and out of uniform 
importance to gas warfare. It must be given care- sities, private research institutions, indus! 
ful and serious consideration in whatever delibera- several departments of the Governmen 
tions take place concerning the implementation of together with allied teams in a most effect 
a lasting peace in the world, for the known poten- ner. At the height of its development, U 
tialities of this type of warfare cannot be ignored. Projects Division of the Chemical Warta! 

In the fall of 1941 a special committee of bio- of the Army, which carried the main res} 
logical scientists reported as follows to the Secre- for the biological warfare program, had 
tary of War: nel of 3900. Of these some 2800 were A 
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them 


proximately 1000 Navy, and about 100 
in addition, the Navy had a separate group 


lal 

nearty 100 at work. This group of men and 

men deserve highest praise. They subjected 

yselves, month after month, to risks and dan- 
ers such that experienced physicians and bacteri- 

sists visiting the experiment station would stand 


ist when they realized what was going on about 
Their sighs of relief when they left the 
red areas were not put on, I assure you. 

While the main objective in all these endeavors 
to develop methods for defending ourselves 
iinst possible enemy use of biological warfare, it 
is necessary to investigate offensive possibilities 


rder to learn what measures could be used for 
\ccordingly, the problems of offense and 
fense were closely interwoven in all the investi- 
ns conducted. Consideration of the problem 
m an offensive point of view necessitated numer- 


snew developments and concepts. 
In general terms, the following is a brief list of 
chief accomplishments: 


1. Development of methods and facilities 
the mass production of numbers of virulent 
icro-organisms, and the discovery of means for 
tecting men, animals and plants from them. 
2. Development of methods for rapid and 
irate detection of minute quantities of disease- 
ducing agents. 
3. Study of air-borne disease-producers. 
!. For the first time a pure, crystalline, bac- 


rial toxin was isolated and studied — the toxin 
f clostridium botulinum, the most pctent bio- 
gical poison known. 

Development of vaccines to pr ct 


hickens against two highly fatal diseases - 
Newcastle disease” and “fowl plague”. 
\ successful vaccine against “rinderpest”, 
i highly fatal disease of cattle, capable of being 
duced in huge quantities. It is already avail- 
le for countries where this disease has been a 
rippling plague of livestock. 
Intensive study of fungus, bacterial and 
liseases of crop plants, and their control. 
‘. Study of more than 1000 chemical agents 
li g plants. 
rhe latter is a particularly fertile field and one 
promises much to agriculture in the sectors of 
Ailiers and selective agents for plant control. 


ie Work was initiated to find destructive agents 
‘SINS’ Various crops and was successful. Only 
rapid ending of the war prevented field trials in 
ict theater of synthetic agents which would, 


jury to human or animal life*, affect the 


rops and make them useless. 


\pplications of certain of these agents, even in 
nit al dilution, had shownh- that they were 
Ss Nort The speaker did not explain why 


led as more humane to starve your enemy 
ison him. 
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capable of depriving the enemy of the benefits ol 
his own labor by depriving his garden and field 
crops of their fruits. Not until he had carried 
through the labors of cultivation would he find that 
the roots had grown sere and that the plant must 
wither away without yield. 

The scientists in charge of this work are 
leaders in their fields, as were all the scientists in 
charge of the various projects. As to its peacetime 
implications, they have stated that eventually any 
living plant process may be brought under control 
through critical use of some growth regulating sub- 
stance. This means that every agricultural or 
horticultural practice which affects growth, devel- 
opment, ripening or storage can be influenced to 
economic advantage. 

The pattern of the plant projects is no different 
from the general form of the entire biological war 
fare program or its other divisions, the animal and 
the human. It is obvious in all of them that there 
cannot help but be important advances in know! 
edge, many of them fundamental, and gains in sci- 
entific achievement — many of them capable of 
practical application. In fact, it is quite impos 
sible for work to be done in this field without such 
results. It is inherent in the nature of the work. It 
has a guarantee of good economic advantages in 
agriculture, parallel gains in animal husbandry, 
and above all, vital contributions to the fight 
against human suffering. 

Prediction of the results of scientific inquiry is 
not easy: neither is it safe There are too many 
“ifs”. But most of these “ifs” grow out of the 
almost universal practice of research workers to 
indulge in what Horace Walpole called “serendip 
ity’. You perhaps recall his story of the three 
princes of Serendip who would, faring forth on an 
errand, never return with what they sought but 
they always found something of greater value 

Pasteur stated the same idea in a different way 
when he said: “It is characteristic of science and 
of progress that they continually open new fields 
to our vision; in scientific investigation, chance 
favors the trained mind.” 

A knowledge of the achievements of this Spx 
cial Projects Division (whose activities will be con 
tinued under the National Academy of Sciences 
emphasizes several of its peacetime implications 
For example, the work on rinderpest resulted in 
building up an adequate defense. It has made that 
particular agent impotent as a weapon in biological 
wartare 

One might give a thought to this paradox: In 
order to perfect the weapon, we perfected th 
defense, thereby destroying the weapon Would 
that such an ideal pattern could be applied to all 


aspects ot wartare! 





























































The Social Composition of Scientific Power 


By Isaiah Bowman 
President, Johns Hopkins University 


ACH generation rediscovers that a man’s desires 

include the compulsion to seek things beyond 
raw “freedom” and to create the social organisms 
of family and group. Each step on that long road 
of seeking and of creating diminishes the “free- 
dom” with which he began. During the past cen- 
tury we have moved into a time of complex 
serviludes, or restraints upon freedom imposed by 
the larger and higher national “community” and 
its evolving policy. For 25 years we have had a 
parallel upsurge of social ideas, many of them in 
sharp conflict with others, that are proving far 
more potent than machines. So men glance at 
complex modern society with its extreme forms of 
social control, bewildered and anxious as the sense 
of insecurity mounts alarmingly. 

Has organized life become so complex that it 
is getting out of hand? 

Totalitarianism strides upon the scene and 
offers to compose the troubles of the bewildered 
man. It assures him that he does not have to 
find an answer through hard personal striving and 
thought. He can become a mystic and deceive 
himself that he helps create a new and beautiful 
social order when what he really does is to destroy 
personal character and integrity the foundation 
of all lasting creations. The second law of totali- 
tarianism, whatever its brand, is to destroy indi- 
vidual worth and identity. Civilization needs 
many-faceted manhood while totalitarianism 
begins by destroying manhood. That each man is 
unique is “the central fact and miracle of creation 
and the denial of it is the central blasphemy”. 
The third law of totalitarianism is to destroy, 
through falsehood, faith in the leadership of any 
opposition. Conscience is one of the special targets 
of totalitarianism. Permit men to exercise it and 
they will question and criticize government. 
Destroy it and they will respond to personal sel- 
fishness and commit outrages willingly in the 
name of a social idea. 

We have seen most of Europe corroded by 
this doctrine and these techniques. Yet all about 
us is in America a passionate questioning about 
civilization, our American civilization, its ends and 
means. On this occasion I therefore choose to 
talk mainly about civilization rather than science. 

This is possible for there are a few places in 
the world where men of former times thought they 
had found civilization and spoke in terms that we 
use today. In none of them did science play more 


than a minor role. The Gree! 
are well known. I cite, rath his. 
tory of Italy in the 14th and |! 
ries, a time nearer our ow: 


before the dawn of geographi: S 
ery and ensuing world trade turies 
before the modern scientific age. Civil = 
word and idea also became popular ; rance 
about a generation before the French R ti 
This, too, was before the modern scienti! ge 
In these times and regions civilizati neant 
good spirit, applied conscience, fairn nter- 
preted by incorruptible courts, beauty, tact, good 
manners, the social expression of the virtues 


men. It did not mean blind power, or p: 
ningly contrived to keep men bound to a syste; 
of work and government that makes the individy 
the subservient tool of ruffians at the top. Nor di 
it mean what it means to so many Americans 
money, power, the mechanisms of applied sci 
“efficiency”. 

Yet it is no service to useful political thinking 
to make vast dreams of brotherhood the basis 
policy and ignore the existence of power whi 
science and engineering have extended to Protea 
dimensions. We might as well ignore gravity as 
to ignore the realities of power in internal 
politics. On the wide horizons of human confl 
today one sees the meeting of irreconcilal 
ideologies. Clear before us are the growing op) 
tunities for that disintegration of personality at 
society which totalitarianism effects before dem 
cratic integration has begun. 

Before us is the profoundly important fa 
that only two great powers have the opportuni! 
to continue in the world’s pioneering stage 
scientific, industrial, and trade expansion. Th 
are Russia and the United States. Every coming 
event in the international political field will ! 
colored by this fact. Only these two have the vas 
deeps of undeveloped resources, the populati 
growths, the technical passion, and the ma 
outlook that numbers and power imply and 
make them the successors of the British Enmy 

While America is now in the lead, 
little to choose between the United Slates a! 
Russia as to future power if we balance [a 


one by one with a single exception. The Sov" 
system is not designed to draw out fully the ine 
vidual aptitudes of men or their ultimate ! ties 
The effect of this upon concerted effor!, mass 


} Visa 


production, and the endlessly fruitful i 
tions and experiments that take place wh« 
is the free play of thought and effort, is to | 
determined. 
When the story is told and the balan 
-it is faith in the progress of man, in 
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; te imph of humanitarianism that sustains 
4 fort. Not the neutron but the social impact is 
v3 mp t. A man is a humane composition, a 
f spiritual forces not solely a devising 
it with a thunderbolt in his hands. Totali- 
n has heightened our appreciation of the 
7 spirit, for totalitarianism attacks the very citadel 
f personality it rejects standards, pulls down 
character, avowedly and explicitly confuses issues, 

ieostrovs faith in the individual. 


't is time for America to shout ifs faith until 
rner of the world has heard! 


Ethics of Science 


By Archibald V. Hill 


Foreign Secretary, The Royal Society 


eae 1700 years ago there crystallized out, from 
many centuries of experience of the ethical 
iecessities of medicine, the so-called Hippocratic 
ith. May I quote a few sentences of it: 
The regimen I adopt shall be for the bene- 
fii of my patients according to my ability and 
udgment, and not for their hurt or any wrong. 
| will give no deadly drugs to any, though it be 
sked of me, nor will I counsel such. . . . Whatso- 
ever house I enter, there will I go for the benefit 
f the sick, refraining from all wrongdoing or 
rruption, and especially from any act of seduc- 


t . . « Whatsoever things I see or hear con- 
cerning the life of men, in my attendance on the 
sick or even apart therefrom, which ought not 
to be noised abroad I will keep silence thereon, 
counting such things to be as sacred secrets. Pure 


and holy will I keep my life and my art.” 
Of Hippocrates himself, who lived hundreds 
of years earlier, we know little for certain but this 
is What a modern historian writes of him: 


‘ Learned, observant, humane, with a pro- 
f | reverence for the claims of his patients, 
b ssessed of an overmastering desire that his 
experience should benefit others; orderly and 


cal anxious to record his knowledge for the 

his brother physicians and for relief of 

. suffering, grave, thoughtful and reticent; clear 

d and master of his passions.” Then he 

“While the philosophers developed the 

lion of a rational world, it was the phy- 

SI typified by Hippocrates, who first put it 

: the test of experience. It was they, the physi- 

( vho first consciously adopted the scien- 

cess which, in relation to medicine, is 
1¢ Hippocratic Method.” 


} 


are of the sick and injured, of mothers 
iren, of the aged and powerless; the 
{ human life; the insistent claim of suf- 
“crit | danger — these are part of the ethical 


tradition of medicine. Its practitioners may some 
times fail to live up to the moral responsibility of 
their calling, but at least such failure is regarded 
as dishonorable, and the place of the doctor in 
society shows how generally and widely his obli 
gation of humanity is fulfilled It is hard indeed 
to imagine any kind of civilization without an 
ethical basis to medicine, without the imperatives 
and restraints of medical custom and _ tradition 
Medicine in fact has been built up for thousands 
of years on a joint tradition of moral obligation 
(the Hippocratic oath) and of scientific method 
(the Hippocratic method). 

The other sciences lag many centuries behind 
medicine in the ethical approach of their practi- 
tioners to their job. Perhaps that may be because 
science in the past was practiced chiefly for its 
own sake as an intellectual interest, not as a voca 
tion of practical and social value to mankind, It 
had, however, its own obligations of truthfulness 
and integrity, and there was a time when science 
and learning were accepted by civilized men as a 
natural bond between nations often not otherwis« 
on speaking terms. That might still be so if sei 
entists in all countries would (or perhaps if they 
could) insist on collaborating, and on maintaining 
a common ethical standard for their calling. Fail- 
ing that, one can foresee the time if it be not on 
us already when scientific discovery and inven 
tion may provide instead one of the chief stum 
bling blocks to international cooperation and the 
chief means for mutual destruction. 

If standards of truthfulness, frankness and 
integrity are relaxed by scientists and engineers 
either for political motives or for private ambition 
and gain; if fraud, dishonesty and self-deception 
are not denounced; if mistakes are not honestly 
acknowledged and corrected: if propaganda is 
acecpted in place of fact; if the common prestige 
uu! goodwill of science are prostituted for base, 
seciional or selfish purposes; if secrecy or secre 
liveness is xccepted as a normal condition of sci- 
entific work; if age, prestige or authority, if race 
or nationality, is allowed to hinder freedom of 
intercourse between scientists of honesty and 
goodwill anywhere in the world; if scientists allow 
themselves to be conscripted for purposes of 
power politics; if finally there is widespread fail- 
ure to recognize an unbreakable obligation that 
the benefits of scientific discovery must be regarded 
as a sacred trust for all mankind then science 
itself may become impossible as a vocation for 
free, honest and decent men, while its exploitation 
for sectional gain or national aggrandizement may 
lead to conflict and destruction instead of coopera 
tion and betterment. 

It took hundreds of years for a common 
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standard of medical eth- 


ics to emerge; we can 
hardly expect a common 
standard of scientific 
ethics to appear over- 
night. All kinds of diffi- 
culties will be evident 
partly from political bar- 
riers and lack of free- 
dom; partly from 
scientists themselves who 
are, many of them I confess, pretty peculiar 
animals to steer in a common direction; but not 
least from the big bosses in all countries who 
look upon science as a purchasable commodity 
and scientists as “back-room boys” to be kept in 
their proper place. 

But the matter is urgent and these are critical 
times, and a clear and unambiguous statement of 
the issue may help, as it helps in any scientific 
problem, towards its solution. 

There is no suggestion, at least | make none, 
that scientific men as such need feel obliged to 
spend their time in polities; indeed it is better to 
refrain from mixing questions of scientific ethics 
with political ideologies. Scientists have their 
own specific contribution to make to public and 
international welfare, and their experience in 
natural science gives them no special authority 
to pronounce on other subjects. Indeed a dislike 
of misrepresentation and of compromise with the 
truth makes them usually pretty inefficient politi- 
cians! Like other citizens they have their political 
rights and social duties, but those they exercise 
not as scientists but as citizens. 

As scientists, however, they have the right, 
and indeed the bounden duty, to question and 
argue the nature of their own calling and its spe- 
cial contribution and its danger to national 
and international welfare. They should feel an 
honorable obligation to keep the scientific faith of 
frankness, honesty, courage and sincerity; to 
avoid secrecy and secretiveness as conditions of 
their work; to treat all honest scientific men any- 
where as coworkers in a common cause; not to 
exploit the common property of science for base 
or selfish ends, to refuse conditions of employment 
or advancement, however otherwise attractive, 
which do not meet the ethical requirements of 
what ought to be one of the most important com 
mon interests of mankind. I would add a further 
duty, one of the most important and one about 
which many scientific men today feel very strongly, 
namely, to refuse to cooperate at all in tasks in 
which they are not allowed a reasonable share in 
deciding the purpose, cr the policy, or the probable 


outcome of their work. As free men we must be 


unwilling to be used as pawns in the 
international power politics, to consent 
to the prostitution of science for secret 
we may not approve. 

To a cynical observer of the recent 
of homo sapiens these moral reflections n 
naive and I admit that I often feel 
myself about the outcome. But there se 
no alternative. We scientists throughout 
must take the initiative in these matters and 
leave it to others who will certainly do nothing 
about it. Otherwise we and civilization may per- 
ish together. 

But people say, “What's the good of all thes: 
moral reflections? Admitting the emergency, what 
positive action do you propose?” 

It has long been known that people cannot bx 
made good or happy by Act of Parliament alone 
positive individual effort and positive morality ar 
required. I doubt indeed whether any action 
would be so effective now as merely to insist, day 
in, day out, that scientific men throughout th 
world should take solemn council with thei 
consciences, in private and in public, sbout this 
matter. Of the result in any individual case on 
cannot be sure, and the scientific conscience itsel! 
would be outraged by a suggestion that al! should 
be compelled to think alike even if that wer 
possible. But I have little doubt that the opinior 
of the great majority would, within rather narrow 
limits, be about the same, for science is the most 
international of all interests, with a common tra- 
dition of freedom and tolerance, a common regard 
for honesty and fair dealing, a common skepticisn 
of established authority, a common indeper.dene 
of spirit, a common dislike of propaganda, a com- 
mon conviction of the absolute goodness and 
beauty of truth. 

The times are urgent and the world situatior 
brooks no delay! What is needed above all els 
is the inspiration of a great ideal, a common tnter- 
national interest, a common standard of ethica 
behavior, a common refusal to sacrifice or exph 
a universal good for a temporary or s 
advantage. We must have courage and end 
in refraining from selling reason to the |! 
unreason. Those who fancy themselves 
boiled realists (as the “practical men” wi! 
tice the errors of their forefathers) may « 
and our principles. But the truest form o! 
today is to recognize that human we! 
indeed the continued existence of human 
and any hope of reaching the promised 
healthy, orderly development, depend [2 
on improvements of morality, honesty, | 
and reasonableness than on further inve! 


machinery or organization. 
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A LITTLE DOES A LOT 


The Spanish built their colossal Armada to smother gently applied. Today a little molybdenum is doing 


fngiand by sheer weight. But Drake, with a a lot to improve the strength and toughness of good 


«ratch fleet of nondescript ships, and some brains, cast iron. The foundry man's market is broadened 
reduced the Armada to an unpleasant memory. and many a user’s production headaches relieved. 


Not only in warfare can a little do a lot, intelli- Practical working data is available on request. 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED @ FERROMOLYBDENUM @ “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


"WO: Ls." 
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Personals 


CLINTON R. HILL Ke 
foundry metallurgist fo: 
Division of the Ameri 
Shoe Co. in Chicago Hei 





Epwarp A. Loria & 
with the Carnegie-IIli 
Corp., is now industri 
Mellon Institute of | 
Research, Pittsburgh. 


C. R. Baston, Jr., @! 
been reafliliated with the 
gical department of the 
Tube Division of Timk« 
Bearing Co., Canton, Ohi 
months in the United Stat 
as assistant to the naval 
of ordnance at the Mid 
Philadelphia. 





Ropert H. Lace @ is ni 
control manager of Ditt 
Chicago. He formeriy held 
lar position with Lear, In 
Ohio. 


MANUEL B. DeLL @ is 
and materials engineer with Rey 
lic Aviation, Farmingdale, N. \ 


Following his discharge f: 
Army, Roperr FLAHerty 6 
accepted the position of 
engineer for Miller Print 
Machinery Co., Pittsburgh. 





After 3% years with the I 
Navy, R. R. Hersuey @ has retur 
to the Steel and Tube Div 
Timken Roller Bearing Co. 
steel sales engineer in the 
kee district. 





Crucible Steel Co. of A 
announces that GrorGe W. STAM) 
@&, formerly service engineer of t! 
toolsteel sales division in Syracus 
1.¥& 6. Pre-Heat and High-Heat Tool Room Hardening N. Y., has been appointed assistan! 
2. Recirculating Draw Type 4. Gas Generating Unit manager of the Cleveland branch 
3. Gas-fired Car Type 5. Vertical Muffle Type 





R. J. BASKERVILLE @, fo! 
with the General Electric Co., |! 


These BELLEVUE Furnaces are built to «specification and | »°w mechanical enginee: 


Chance Co., Centralia, Mo. 


D. L. Brown ) has resigned 
contact metallurgist, alloy bureau 
Pittsburgh district, Carnegie-llll 


treating requirements . . . Our engineers will submit a a nape cg to become Chicag 
eaitor oO ron Age. 


in most any size . . . Send us a description of your heat 


Hupson T. Morron 6, 


years chief metallurgist a 
engineer for Hoover Ball 
ing Co., Ann Arbor, Mich., a 
Belleuwe INDUSTRIAL FURNACE CO ae eee ceo 
P sion Parts Co., Ann Arbor 
. standards engineer for Faf 
2975 BELLEVUE AVENUE Since 1970 DETROIT 7, MICHIGAN ina Co. New Britain, Cont 
he will have charge of co 
engineering standards. 


proposal without any obligation. 














Metal Progress; Page 1218 











— 


METAL-CUTTING LUBRICATION 


stoc K 


ness, and increased the larger 
bars to 64 and 84 RPM. 





“We were requested to supply a 
transparent oil that would not leave 
stains on the finished product With 


this in mind and knowing that the 


Tool Life Increased 50% 
with 
Improved Cutting Oil 


TRANSPARENT, STAIN-PROOF OIL PRODUCES 
GRATIFYING RESULTS 


We knew from certain operating 
on a Landis automatic 
machine at a prospect's 
plant* that we could do 
a better job with Chillo 
No. 3 than was being 


lubrication 
Engineer's 
Report done with a competitive 
product having approxi- 

lard and 1% sulphur 


ron being performed was 
14 to 16 foot bar stock 
rrades of materials as to 
nd all sizes from “% inch to 
On 16 foot bars of 1 inch, 
es and 1 


average Output was four bars 


inches dimen- 


per chaser grind with the 
nd 1% sulphur compound 
n under one inch bars the 
itput was 6 bars or 96 feet 
¢ rage speed or RPM while 


threading was 50 to 64 on the one inch 
and over, while the average on the 
under one inch was 64 to 84, depend- 
ing on the hardness of the metal. 


“Although the threads were good 
and acceptable with the oil in use, we 
produced a much more uniform and 

smoother thread with 
Tool Life Chillo 


Increased No. 3. We increased 
the tool life from four 


Cities Service 


bars on the one inch and over to six 


and sometimes seven or an average of 


100 feet per chaser grind. The under 
one inch production per chaser grind 
was increased to nine bars or ap- 


proximately 140 feet 


We stepped up production by in- 
creasing the RPM on 


the under one inch bars 


Production 
Stepped Up 


to 84. 90, or 106, de- 


pending on the hard- 
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plant would be very critical should 


some work become Stained, we rec 


ommended Chillo No. 3 for the jol 
with very gratifying results 
Cities Service makes available to any 
industrial organization opet 
its Marketing territories 
Engineering = Fast of the Rockies, a 
Service highly spec ed | 
Available brication engineerit 
SCTVICC It ve ret 
a metal-working problem—don't de 
lay call your local Cities Service 
othce (in the South call Arkansas 
Fuel Oil ¢ ompany), or write to Cities 
Service Oil ompany, 60 Wall 


Tower, New York 5. N. ¥ 





FOR EVERY 
LUBRICATION PROBLEM 


cau Cities Service 
FIRST! 

















“ROCKWELL” 


HARDNESS TESTER 

























New Catalog RT-46 


















































testing 






Tn 
ing Unit. 



























Just one of over 50 illustrations 
in the 1946 catalog. 


HIS is not a catalog primarily in- 
tended for purchasing departments as 
it gives only technical information, 
but it does show by description and illus- 
tration our very complete line of hardness 
equipment, 
tremely important ““TURKON” Tester and 
the new “ROCKWELL” Universal Test- 


including the ex- 


Several pages are devoted to making clear 
the difference between, and the difference 
in intended applications of, the normal 
type of “ROCKWELL” Tester and the 
“Superficial” machine. You hear more 
and more about the “Superficial” each 
year. 


This catalog is of 40 pages with over 
50 illustrations. It is only 74%” x 6” and 
printed by offset process on light paper. 
Do not hesitate to ask for it because you 
may not need more testing equipment. 
We would like everyone at all interested 
in the subject of hardness testing to 
have a copy. 


WILSON 


MECHANICAL INSTRUMENT CO.. INC. 
367 Concord Avenue New York 54 


AN ASSOCIATE COMPANY OF 
AMERICAN CHAIN & CABLE 
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Personals 


Water H. Krupp @ has recent) 
established himself as a sulting 
engineer in St. Louis, M ind 
currently working in design al 
research on special prod 
processing machinery. 


il 





Chester Electric Steel ¢ 
announces the appointm: f Car 
DE LAvAL @ as sales representatiy, 


for the Pittsburgh distri 


The Distinguished Civilian Sery. 
ice Award of the Navy Departmen: 
was recently given to Donatp | 
CoLwELL @ for “outstandi 

achievement while serving as chie! 
of the Conservation Divisi of th 
Production Branch, Office of Py 

curement and Material”. 


Stuart O. FIep_ter @ has bee 
appointed manager of the Sout! 
Chicago Branch of the Biorkste; 
Laboratories. He was previously 
research associate with this organi 
zation. 


WALTER E. KINGSTON ©, manag 
of metallurgical research and de) 
opment engineering of Sylva 
Electric Products, Inc., has rece 
returned from a trip to the Unit 
Kingdom and the Continent, wh 
he acted as a metallurgical cons 
ant for the British Ministry of A 
craft Production. 


THEODORE HeskeE @, f 
plant manager of Summerill Tul 
Co., is now vice-president and g 
eral manager of the newly org 
ized Ellwood Ivins Stee! | 
Works, Inc., Philadelphia 


} 


The newly organized Cha 
Hardy, Inc., announces the [oll 
ing officers: JoHN D. DALE &, p! 
dent; F. H. MULLIGAN @, vice-pres 
dent in charge of sales; J. J. ‘ 
DIANO @, vice-president of resear 
and development; CHARLES 
Harpy @, assistant treasure! 


Carter C. Higerns @ has 
given the position of vice-pres 
dent in charge of public relations 
industrial relations, and labor t 
tions of the Worcester Pressed 
Co., Worcester, Mass. He was ! 
merly vice-president in charg 
sales. 


“In appreciation of his 


astic and patriotic accomplishmen' 
as head of the Foundry Equipm 
Section, War Production ! 
BRADLEY STOUGHTON © © oo 


a handworked tribute Sy ™ 
Foundry Equipment Manufoctu 
Association. 
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Maytag WRITES: 








investigation...has revealed 
ase in corrosion resistance 
much as 300% when compared 
oated zinc and cadmium sur- 
The use of this coating 
ill exposed plate surfaces 
Maytag Washer greatly im- 
its ability to give last- 
vice and satisfaction to 
IRIDITE was selected 
assignment due to its 
sity of maintenance and 
ing, and the uniformity 
lts obtained." 
C. B. Curtis 
Plant Processing Engineer 
Maytag Company 








HERE’S HOW YOU 
j CAN TEST IRIDITE: 


w = Send today for free test panel . . . half 

y coated with IRIDITE, half unpro- 
tected. Test it in your lab. See the 
difference! 


Reg. U.S Pat. Off. 


Simple Maintenance - Simple Processing 
- Uniform Results - Give IRIDITE the Edge! 


Manufacturing products of zinc, cadmium, galvanizing? Here’s a 
fast, sure way to lick corrosion . . . boost sales appeal and profits 
... just as Maytag does! Simply immerse your parts in an Iridite 
solution ... manually or automatically ...in single racks or in 
bulk ... for only 15 to 60 seconds. No special equipment needed. 
No slowing up of fast-moving, automatic production lines. 
Normal shop temperatures suffice. And the Iridited parts are 
dried in a few seconds for immediate handling. 

Use Iridite as a final protective finish ... as a paint base for 
permanent adhesion . . . as a cost-cutter in combination with 
zinc plating to replace more expensive materials. Iridite unites 
chemically with the zinc or cadmium... won't flake, chip or 
peel when the part is bent... won't alter dimensions on the 
closest tolerance part. Available in bronze, olive drab, black and 
transparent Iridite Bright. For further information, write today 
to: Rheem Research Products, Inc., 206 Chemical Bldg., 4004 
E. Monument Street, Baltimore 5, Maryland. 


RHEEM RESEARCH PRODUCTS, INC. 








j/ 
J 


4004 E. Monument St, Baltimore 5, Md. ~~ 
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ELECTRIC FURNACES Siannanan 


W. ScHOEN @ h 
his consulting metallu 


for the ALUMINUM ALLOY (Remeron 
TAMA-WYATT Detroit as metallurgical 


NorMAN P. Pinto & 


FOUNDRY at the metallurgical lal 
ae re the University of C] 


joined the staff of the J 
ufacturing and Supply 
Wayne, Ind. 


After severing his « 
with the Wright Aeronaut 
tay A. SrImpson 6 has 
Douglas Aircraft Co., Sant 
Calif., as metallurgist in t! 
engineering department. 


M. K. KAHLER © ha 
Rustless [ron and Steel Di 
accept a similar positi 
sales with the Charles G 
Co., Chicago. 


Wicrrep E. Kinreap &, f 
metallurgist with Auto Spe 
Manufacturing Co., has 
Whiting Corp. (Canada) 
Toronto, Canada, as sales 


EpWARD CARLETON Hoop @ 
established himself as a « 
research engineer in Chi 


NorMAN L. BENNETT? 
taken the position ot n 
at the Verity Works of 
Harris Co., Ltd., Brantf 


FRANK Donick @ has st 
own foundry under the 
Dexter Alloys in Everett, M 
was formerly employed 
engineer and metallurgist 


7 ‘ alloy Co., Cambridge, Mas 
HE AJAX-Tama-Wyatt Low Frequency Induction Fur- W. C. Dyer @ has joi 
naces are now made in small sizes with capacities ranging from ‘ol I 7 Steel C 
20 to 35 kw. Columbia Stee - © 
Their operation is based on the induction principle whereby 
energy is transmitted to the molten charge without actual con- 
tact, through the refractory walls. Only the metal is heated. 
and therefore, there are no resistors or other parts having a 
higher temperature than is absolutely necessary for properly Las affiliated himself 
melting the charge. A gentle movement of the bath insures Products. New York Cit) 
uniform temperature and homogeneous mixing of the alloy in- : a . : 
ae . left Fafnir Bearing Co. 
gredients. Linings are made of inert refractories which do not 
contaminate the melt. . : 
ae . : ’ After being discharged 
These melting machines are delivered with a self-contained, ’ > : 
. . . Army, JAMES R. McGurr! 
completely factory wired control cubicle, including automatic 
temperature controller. 


Calif., with position as 
works metallurgist. 


LAURENCE W. COoLLIns 


will 


joined the Carbide and 
Chemical Corp. at Oak Ri 
AJAX ENGINEERING CORPORATION, Trenton 7, N. J. ‘ 

rrenton N. J E. J. Watson @ has 0} 
office, Watson Industrial E 
Sales, as manufacturer’ 


chemical engineer in the 
AJAX METAL COMPANY, } v 
AJAX ELECTROTHERMIC CORP ' and development departm« 
AJAX ELECTRIC CO., INC . ' : 

AJAX ELECTRIC FURNACE CORP ’ , v Champion Paper & I 


Hamilton, Chio. 


TAMA.WYATT 
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Sometimes a different shape 


-Pdetermines better grinding 


In terms of grinding 
wheel life, as well as 
efficiency and economy 
—the wheel shape 
selected for a specific 
peration is worth careful consid- 
eration. This is equally true for 
th production operations and 
grinding. 








room 


lo help you check your grinding 
perations ... to assist in selecting 
the best combination of shape, 
erit, grade and bond, follow the 


simple plan of many top notch pro- 
duction men. Consult with your 
CARBORUNDUM salesman or 
our distributor's representative. 
Many customers consider his opin- 
ions of real, practical value. His 
suggestions are based on a know!l- 
edge of latest abrasive dev elop- 
ments...supported by daily ex- 
perience with plenty of on-the-job 
grinding applications. 

If the problem is unusually difh- 
cult, che CARBORUNDUM repre- 


sentative may call in an Abrasiv« 
Engineer for consultation. Both rep 
resentative and Abrasive Engineer 
have available to them the facilities 
and resources of the world’s most 
noted abrasive laboratories 


Through this single practice, of call 
ing in CARBORUNDUM, you can 
be sure of getting maximum efh- 
ciency from your grinding wheels 
and other abrasive products. The 
Carborundum Company, Niagara 


Falls. New York. 


A good rule for good grinding...CALL IN 


a7 










TR 


CARBORUNDUM 


ADE | MARK 


| 





BONDED ABRASIVES 
WHEELS 


Silicon Carbide 
Aluminum 
Diamond 


Oxide 
Cylinder Hones 


Sticks, Stones & Rubs 


Specialties 
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COATED ABRASIVES 


ABRASIVE GRAINS 
AND COMPOUNDS 


Paper Cloth and 
Cx at tor 
Sheets, Rolls, Discs Polist 
Lapping 


Pressure Blasting 


Finishing 


"Carborundum"™ is a registered trademark which indicates manufacture by The Carborundum Company 














caretul cl 


¢ 
factory Her 


cell wall itrol and product 
show you how thi 
Average inspect 


per week proved expe tool car 


Spot checking ta 


tion OT Cells! 


Corn 
By compar 
a %s j “al 
heipe non-desu 


The alig ment 


\pas 


m ELECTRONIC PRODUCTS 


orelco th 


Reg. U.S. Pat. Off 








NORTH AMERICAN PHILIPS COMPANY, Inc., dtrr.y‘cnew yore vy. 
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Fatigue Strength 
of Butt Welds* 


ATIGUE TESTS with 

mum stress comprs 
made on butt welds ji 
bridge steel, since we 
based on fatigue tests 
maximum stress tensile wv 
ably be wasteful in su 
tions. The following “ds 
fatigue strengths may be 
in butt welds in %-in. ca 
plate with 0.25% carbo: 
0.70% manganese max. 
lation C means maximu 
sion, T means tension st 


N = 100,000 
CYCLES 
0toC 49,500 psi 
CtoT %C 27,600 
CtoT %C 20,900 
CtoT iC 17,700 
CtoT Cc 16,500 


Stress CYCLE 


No tests were made t 
compression because th 
with the zero to compressi 
show that there would bi 
ures except at stresses consi: 


over the static yield poi 


Sigma Phase? 


OME HIGH ALLOY 
compositions are s 
embrittlement at certai 
temperatures as the result 
formation of a constitu 
sigma phase. A compilat 
findings of the most i 
papers on this subject ind 
certain of its characterist 
been reliably established 
In the binary iron- 
System, sigma appears tft 
intermetallic compound Fe' 
sigma is found from 44 
chromium while the alph 
field may extend as | 
chromium and as high as 
percentages given are 1! 
cent.) Sigma is formed 
at temperatures below ab 
but the transformation is s 
that it is difficult to det 
exact limits of (To ] 
* Abstracted from “Fatigu 
of Butt Welds in Ordinary Br! 
Maximum Stress Compre 
plement No. 1 to Report N 
Committee on Fatigue Test 
tural) of the Welding Rese 
cil of the Engineering Foun 
tAbstracted from “I 
Phast by Francis B. F 
Casting Bulletin No >», July 








r 
a uF 
ne ties S-200-P Double-Reduc- 
— tion Drive Rear Acle with 
aluminum axle housing, hubs 
and brake shoes. Product of 
The Timken-Detroit Axle Co, 


Fut , > 
age a all 











y F.. 
220 pounds lighter in weigfit than a comparable offers the same co-operation as that given Timken 
unit of heavy-metal constr@ction! Think what this during their development of these new axles. Assis- 
means: Less wear on tirés§ easier riding qualities, tance in the design of a product using an alumi- 
longer life for chassis arf] body parts; all these num alloy testing of aluminum parts to assure 
add up to greater operatgng profits. maximum dependability getting those parts 
Proved dependable by exhaustive laboratory into production; all these are at your command 
d road tests, the S and U Series of rear axles through Alcoa. world’s greatest fund of aluminum 
have taken their places in Timken’s standard line. know-how. 
Fleet operators can now order equipment with For this help, call the nearby Alcoa office. Or 
these lighter weight axles. write ALUMINUM Company oF America, 2101 Gull 
lo manufacturers of other products — Alcoa Building, Pittsburgh 19, Pennsylvania. 





ote 
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Sigma Phase 


(From page 1224) comp 
temperature. At temper 
1510° F., the sigma tra: 
alpha. Sigma is a har 
non-magnetic phase wit 
plex, body-centered cub 
structure. 

Sigma is also found 
systems, where it may con 
alloys, such as silicon, 1 
manganese, which apy] 
replace part of the iro: 
iron-chromium-nickel syst 
phase persists at temperatur 
to 1690° F. Its compositi 
are extended and it is ablk 
in equilibrium with gam: 
as alpha. With at least 
sigma may be present in 
29 to 95% chromium. | 
chromium-manganese syste 
is found in alloys contair 
tle as 15% chromium if the 
nese is 17% or higher. Mang 
greatly accelerates the fer: 
transformation. Silicon als 
erates the formation of sig 


eee chink first o the alpha phase. In the ir 

Re mium-silicon system, sign 
Tm Ge | 

* if the silicon is 14.5%. The 
wm ; oe * | astings— ‘ tion of carbon to this syst 


changes these limits 
removes chromium from th 
by the formation of carbides 


' . . . . In commercial alloys 
We produce three main classifications of Absco-Meehanite, and 


within them nine types upon which to base your considerations. 
Because of the wide range of physical properties such a selection 
affords, Absco-Meehanite Castings make possible a remarkably extended if 
high degree of control in matching the metal to its specific job. tent is incteased from 1 to 
For example, if impact resistance is an all-important consideration, It has been reported that 
you can get it in combination with other prop found in an alloy with 
erties as demanded. — ; chromium, 12% nickel 
In the case of the die part illustrated, impact- molybdenum. It has 
resistant Absco-Meehanite Castings were pro- 

; stated that sig 
duced which not only withstood repeated heavy 
blows by an air hammer, but provided the rigid- 
ity and wear resistance that were also needed to 

hold its shape in the forming of stainless steel. 

If your need for castings 1s on a production-schedule basis . . . of sigma 
if “unusual castings for unusual service” is of particular interest Of four typical co 
to you... if you think that American Brake Shoe Company's chromium-nickel alloys, 
practical knowledge of foundry techniques may be of help to you, 25-20 and 15-35, only the 
write us — in detail. compleiely within the gan 
The other three either fal 

' 


or very close to areas wh 


BRAKE SHOE AND is stable. Slight additions 
CASTINGS DIVISION promoting elements such 


Brake Shoe 230 Park Ave., New York 17, N. Y. fein aie: an ane 


easily cause sigma to forn 
alloys with the usual 
ABSCO-MEEHANITE PROPERTIES ganese and silicon cont 
: tt, 9 Cr 16% C 
1. Strength (Shear, 3. Corrosion Resistance 7. Rigidity rents % Ni 
Compressive, Tensile 4, Wear Resistance 8. Machinability 1.7 for a stable austen 
and Transverse) 5. Heat Resistance 9. Pressure Tightness Silicon over 1% is thre¢ 
2. Impact Resistance 6. Toughness 10. Vibration Absorption molybdenum four times 
as chromium in promot! 
mation of sigma. (T 


type, the range of compositi 
which sigma is a stable pl 
the molvbdent 


rma may fol 
fully austenitic chromiu 
molybdenum alloy. Col 
additions tend to aid the 
somewhat. 


1S-S 


must 


4468 
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An oscillogram, magni- 
fied 10,000 times in terms 
of spindle movement, 
showing shift of axis of 
lathe-spindle (3 x 10-4 in.) 





An oscillogram, also mag- 
nified 10,000 times in 
terms of spindle move- 
ment, showing smaller 
shift (10-*in.) after five- 


minute shutdown. 





These Photographic Recordings, by showing effects of shutdown on 
lathe-spindle accuracy, helped produce precision parts in quantity. 


HE PROBLEM Was the mass production of small 
precision parts on a lathe to exceptionally close 
rances...and tolerances were not being met. 


‘est apparatus employing an electronic circuit 
junction with photographic recording equip 


nt was set up to study the performance of 


the-spindles. It proved, as shown above, that the 


ger the shutdown. the greater the shift of spin- 


mediate product improv ement...with a lower 


tion rate... was achieved through this investi- 


\nd this was just the beginning — further 


IMENT RECORDING 


+. Onother important function of photography 


study of additional oscillograph traces revealed 
other irregularities in spindle performance which 


led to improvements in design. 


This is only one way in which Kodak photo- 
graphic equipment, film, and paper are helping 
solve problems in engineering, design, production 
research. For information on photographic record 
ing materials write for the new booklet, “Kodak Ma 


terials for the Photography of Cathode-Ray Tubes. 


EASTMAN KODAK COMPANY 
INDUSTRIAL PHOTOGRAPHIC DIVISION 
ROCHESTER 4, N. Y. 
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Sigma Phase 


(From page 1226) Al 















































increases the amount « ite a 
therefore of sigma. Col ' 
titanium aid in sign iti 
because they form stab bide 
therefore leaving little « i 
able for the formation 

carbide. 

Careful magneti< ilys 
appears to be an excell eth 
of detecting sigma wh 
ence is in doubt. It ils 
checked by X-ray cry liff 
tion. If sigma is present in « 
siderable quantities, if be t 
readily observed mii pi F 

Effect of sigma or 
properties is generally | } 
appreciable amounts of 
formed, the steel may | 
to such an extent that il 
may be seriously impaired. Sig 
may also be a factor in dete g 
the best temperature | the s 

4 cessful production of rought 
—<a Wow O00 \bs _— MALIA products. The formatic f sig 
——- gyn welt - cuneaiadaptbined is during the slow cooling of casting 
aan \ Yo ine —— of large sections may res 
> hl \ : _ — se —<= cracking if the sigma trans! 
| \ Ay! = scieeteian ‘ tion is extensive. & 
eee ee EE « 


\ ah f 
ae - The speed and efficiency with which the Detroit Rock. 
= ee hates ing Electric Furnace melts ferrous metals is clearly * 
A\ - 3“ demonstrated in the above graph of a typical day’s Endurance of Large Shafts 
operation. In 8's hours, a Type LFY, 175 Kw, 700 Ib 
Detroit Electric Furnace melted six 750 lb. heats of cast iron, with only one 





man weighing charges charging and operating the furnace Total melt~ 
4500 Ibs.! Total power consumption—1229 Kwh! That's only 545 Kwh per N VIEW of the lack 
ton, and because melting factors such as time, composition, and temperature | 

the fatigue strength of 


were under constant and precise control the metal was higher in quality 
overdesigning is a da 


as well as lower in cost With conical shell design, the Type LFY Detroit 
Electric Furnace is equipped with hydraulic manual and automatic electrode may result from us¢ i tl 
control on stationary pedestals which also contain all electrical switches stress concentration ta 
thus aff rding the operator finger-tip control Send us our ferrous and f ‘ ‘ 
f ee y ‘ obtain a more rational | ‘ 
non-ferrous melting requirement Our engineers will be glad t study them P 
design of large shafts, rotal E 


without obligat nm and recommend the specific Detroit Electric Furnace 
that will speed economical melting in your plant tilever bending fatigue 


made on shafts havi 
diameter portion col! 
6s-in. diameter sectiol 
were machined from 


and tempered forging 





1050 with a_ tensile 
102,000 psi. ana a Brine 
of 197 at half-radius. 
Three types of fillet Ste 
the two portions of the s! 
tested, namely, #4 in eca 
entially polished to a fi 
11 microns; in., poll 
same way; in., rolle 
3%-in. diameter single 
nishing tool under a | I “3 
1500 lb. The rolling 11 
hardness to Vickers (7 l 
* Abstracted from “Fa 
DETROIT of 5%-In. Shaft as Relat 
ELECTRIC FURNACE DIVISION of Large Parts”, by O. J. ! 
kK UHLMAN 2 Bene seemener 07 4. aa me) Sethe ae Chen nace a. Buckwalter and H. R. Nel 
. of Applied Mechanti V.1 . 4% Al 


4 - 
p. A-149 to A-155 
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rward looking design engineers in 
heir constant effort toward product im- 
provement have found the means to a 
etter basic design through the 
MICROCAST PROCESS. With MICROCAS1 
s now possible to utilize the unusual 
peruies and many advantages of a 
ew range of alloys—Vitallium, 
stainless and tool steels which 

the past could not be exploited 

heir use would entail prohibi- 

ton costs. 


AUSTENAL LABORATORIES, INC. 
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THROUGH MICROCAST 


MICROCASTINGS of these high melt 
ing point alloys may be quantity pro 
duced in intricate shapes and designs, 
with such sound structure, surtace 
smoothness and precision tolerances 
that little or no machining is required 

MICROCAST in industry has almost 
limitless applications. For example, in 
the automotive field many valve parts, 
rocker arms, cams, carburetor parts and 
small gears for pumps and timers can be 
mass produced by MICROCAST. It has 


proven particularly successful in pro 
ducing specialty blades by the millions 
for power development units such as 
turbines on jet propelled aircraft and 
turbo-superchargers 

Consider MICROCAST in your own 
product plans particularly for small 
parts where high tensile strength or re 
sistance to wear, corrosion and high 
temperatures is required. A better basi 
design through M{ICROCAST may be the 
means to a better product for you 


wy 


More complete information on MICROCAST is contained in a new booklet 
published by the Avustenal Laboratories, Inc. originators of the MICROCAST 
PROCESS Ths valvable new booklet 1s fully lustrated and describes many indus 
trial applications for MICROCASTINGS as well as giving a step by step description 
of the Process itself. Write for your copy today 


5932 South Wentworth Avenue 
224 East 


Chicage 21, Ulineis 


39th Street, New York 16, New York 














The Induction Heating Corporation Engineer 
Talks to Mr. X on INTERNAL HEATING 


MR, X ....I can see now, Mr. Engi- 


neer, how progressive heating enables 


your THER-MONIC Induction Heat- 
ing units to heat-treat large as well 
as small parts. I’ve noticed, however, 
that in all your demonstrations the 
part has been inside the coil. Does 
this mean that your equipment hard- 
ens only outside surfaces? 


ENGINEER .... No, Mr. X. While 
it’s true that the applications you've 
seen involved hardening of external 
surfaces, don't get the idea that in- 
ternal surfaces can’t be handled by 
this equipment. As a matter of fact, 
THER-MONIC units have _ surface- 
hardened the inside diameter of hun- 
dreds of hollow parts, such as in- 
ternal splines, wheel hubs, thread- 
ring gauges, cylinders, cylinder liners 
gun bores, and die 


MR. X .... Just how do you go 
about induction-heating internal sur- 
faces? 


ENGINEER .... That's quite simnle 
Mr. X. In most internal-heatin, p- 
erations, a heating coil of one or more 
turns is placed inside the hollow 
area. The start button is then pushed 
to energize the equipment This 
causes the internal surface to _ be 
heated and subsequently quenched 
automatically. The only differences 
between this and outer-surface heat- 
ing are the location of the coil inside 
the part and the somewhat slower 
heat transfer in this case 


mae 2h esc ce & FOROW you gut I 
wonder why internal surfaces involve 
a slower heat transfer than external 
surfaces 


ENGINEER That's because the 
density of a magnetic field is obviously 
less outside than inside a coil. The 
magnetic field produced by internal- 
heating coils is thus somewhat di- 
minished at a given distance from the 
coil’s surface. To compensate for this 
loss of available energy, we increase 
the density of the magnetic field, by 
increasing the current flowing in the 
coil, or by bringing the current-carry- 
ing coil closer to the surface to be 
heated 


MR. X .... Do you ever use pro- 
gressive heating on internal surfaces? 


GERI M@ IN 


The Most Efficient and Economical System for Induction Heating 





ENGINEER .... Yes, Mr. X. Where, 
due to the amount of area involved, 
the use of a “single-shot” type of 
operation would result in insufficient 
power ~ unit of surface area, we 
lower the internal surface gradually 
or progressively over the coil so that 
only a narrow band is heated and 
quenched at a time 


MR. X .... What kind of internal 
surfaces have you heated by induc- 
tion? 


ENGINEER Probably the most 
prominent application we've had is 
the internal hardening of cylindrical 
surfaces for wear resistance. This 
operation lends itself to all types of 
cylinders in which pistons are to 
function, such as internal-combustion 
engines, pumps, and similar devices 
We have hardened the internal s.11r- 
faces of small-diameter bores, using 
narrow, single-turn loops, known as 
hairpin coils’. The smallness of the 
bore’s diameter makes it impractical 
to wind coils for this purpose. But 
by using hairpin-type coils and rotat- 
ing the work, we have heated inside di- 
ameters as small as *%s This appli- 
cation is particularly useful in hard- 
ening the internal surfaces of small 
dies 


MR. X .... What would you say ar 
the main advantages of heating in- 
ternal surfaces by induction? 


ENGINEER .... One of the main 
advantages is the ability to produce 
intense heat very rapidly and confine 
this heat to the inner surface, where 
it is needed, without disturbing the 
metallurgical characteristics of the 
rest of the part In addition, not 
only circular internal surfaces, but 
cavities of all shapes can be effec- 
tively heated by having the coil match 
the particular cross-section. Results 
achieved with inside-heating coils 
show that distortion is minimized due 
to the low ratio of heated to unheated 
metal. This immediately marks the 
THER-MONIC Induction Heating 
unit as a tool for heat-treating parts 
which often present obstacles in 
flame, furnace, and other methods of 
heat treatment 


+... INDUCTION HEATING CORPORATION 
THERMONIC } 389 LAFAYETTE. ST. 


NEW YORK 3,N. Y. 


ND 
| Largest Producers of Electronic Heat Treating Equipment for Forging 


Brazing 


Melting + Hardening + Annealing 
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Endurance of Large Shafts 


(From page 1228) 298 
of A In. The followir C 
limits were obtained 
of 30.000.000 eveles 


FILLET FINISH EN k 


in polished 2 "7 
polished 18 -- 
rolled 24 
Actual stress concent 
from fatigue tests as a perc: me 
the theoretical stre trati 
factor 
A 0.3-in. polished ‘ 
taken at 3ys-in. radius tl! 
larger portion gave an endura 
limit of 36,000 psi. One test in 
cated that apparently the shapx 
the roller tool was not porta 
In all but one failure, the era 
originated at a location up the fillet 
from the base of 8 to 11° for t 
polished in. fillet, 10 to 14° f 


the polished -in. fillet 1151 
20° for the rolled in. itlet. The 
was no evidence that the fatig 


crack might be initiated below t 
surfa 2 of the rolled fillet 


The 30 improvement resulting 
from rolling compared with va 
of 30 to 68 reported i 
spcc in ens. 8 


Stabilization of Stainless 
Steel” 


YAN AERONAUTICAL CO 

made a series of investigal 
to determine whether 
treatments would impart 
fits to aircraft exhaust 
made of Types 321 and 347 
steel. Originally 18-8 
exhaust manifolds but it 
idly attacked by interg! 
rosion from exhaust g 
led to the use of the stabi 
321 and 347. 

The addition of tl 
columbium is not the 
utilized to effect stabili 
enhanced by special he 
consisting of holding 
1625° F. for over half 
This treatment stabiliz 
bon by precipitating il 
or columbium carbides 
dispersion. rhere- (7 

*Abstracted from “Heat 
of Stainless Steel for Ex 
folds”, by Wilson G. Hu 
Digest, V. 50, July 1, 194 
Iron Age, June 21, 1945, p 








New Uhal Kiow" WOW" 2022" WHY" 


PUT OUT MORE PRODUCTION ... WITH LESS WASTE! 
RR it ee 


At your Service... 


ALLEGHENY LUDLUM’S 
FILM LIBRARY 


structional films on tool and 
less steels-—-some in full 

r, allwith sound~—available 
free showings on request. 
NEW—*“Manufacture of Dies” 
m, 400 ft. in length, re- 
ng about 15 minutes to 


¥,—1n sound and full color. 


FOR DETAILS and BOOKINGS 


ADDRESS DEPT. MLP-42 


6 toes special high-alloy steels take 

more knowing than ordinary 
materials, that’s sure. But they also 
give you more—so much more that 
their uses have taken one of the 
steepest upward climbs of any class 
of materials in recent years. 

Electric furnace steels are on the 
march. Our principal special steel 
products—corrosion and _ heat-re- 
sisting alloys, tool and die steels, 
electrical, valve and nitriding steels 
are products which offer you the 
greatest future promise. 

As pioneers and originators in 
these fields, we have the data your 
engineers and designers need, and 
the working information for your 


shopmen to handle special steels 


well and speedily Let us help you 


ALLEGHENY 
LUDLUM 


STEEL CORPORATION 


General Offices 
Pittsburgh 22, Penna. 








—_ 
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BARRETT STANDARD 
ANHYDROUS AMMONIA 


a et ot A Crtrtr --* aa a = ee a 





sarrett Standard Anhydrous Ammo- 
nia is made by combining Nitrogen, 
extracted from the air, with Hydro- 
gen. These two gases are freed from 
impurities, before combining, to pro- 
duce Anhydrous Ammonia of the 
highest purity obtainable. 


Barrett Standard Anhydrous Ammo- 
nia is available in two grades: 
REFRIGERATION GRADE, guaranteed 
minimum 99.95% NH;; and Com- 
MERCIAL GRADE, guaranteed mini- 
mum 99.5% NH3. Both grades are 
shipped in tank cars with a capacity 
of approximately 26 tons of NH3. 
REFRIGERATION GRADE only is 
packaged in 25, 50, 100 and 
150-pound standard-type cyl- 
inders and in 100 and 150- 
pound bottle-type cylinders. 


THE BARRETT 


ALLIED CHEMICAL & DYE CORPORATION 


_ ~ x 
‘ 


Barrett Standard Anhydrous Ammo- 
nia must pass rigid tests for mois- 
ture, non-condensable gases and 
other impurities, before release for 
shipment. Cylinders and tank cars 
are thoroughly cleaned and in- 
spected, upon return to the plant, 
before reloading. 


Barrett Standard Anhydrous Ammo- 
nia is stocked in cylinders at 64 
points conveniently located from 
coast to coast. The advice and help 
of Barrett technical service men are 
available to you for the asking. 






44, Barrett standards of purity 
and service make Barrett 
Standard Anhydrous Ammo- 
nia your best source of NH 3. 


DIVISION 


40 RECTOR STREET, NEW YORK 6, N. Y. 

















Pree: 


An 
helptul 


interesting and 
booklet, 
packed with useful 
information about 
Anhydrous Arritmo 
nia, will be mailed 


to you on request 
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Red Cut Superior 


America’s favorite high speed stee!—for all 






cutting purposes 


_E. V. M. 


For fine cuts and hard materials —higher carbon 









and vanadium content. 


_— Red Cut Cobalt 


For hogging cuts, fast speeds, hard or scaly 















moterials, etc 










Gray Cut Cobalt 


Provides the highest attainable cutting ability 






in a high-speed steel. 








Neatro 


Remarkably wear-resistant, delivering top per- 





—$——< 








formance on abrasive materials 


(6-6-2 


For fine edge tools and finishing cuts. Wide 











hardening range. 


Vasco M-2 


as A tungsten-molybdenum general purpose steel, 











particularly adapted to fine finishing cuts 









~ Victory Cobalt 


For heavy duty cutting of heat treated steel, cast 






iron, etc 






SP ey oe 


— 






All of the 
drawn shapes, a ft 
circles, drill rod and tee 


» billets, bars, cold 
sheet, plate, 






es 









One of the series of six 
Vasco Too! Steel Classif- 
tations co vering every 


industria! requirement. s T E E L c Oo M P A N Y 
LATROBE, PENNA. 


COLONIAL STEEL ANCHOR DRAWN 
DIVISION STEEL Co. 































Corrosion Resistance and 
Long Life with 
Alloy Steel Castings 















* Atlas alloy and stainless steel 






castings are higher in their re- 





sistance to aids, corrosion and 





heat, because the analysis is 






strictly controlled. Having pio- 





neered many of the revolutionary 






casting methods used today, 







Atlas metallurgists are able to 







cope with all alloy steel casting 





Your inquiries are in- 








Our Illustrated Bulletin 45 con- 







tains 8 pages of helpful data 






two full pages of physical prop- 





write for it today : 






ATLAS STAINLESS STEEL CASTING 





ATLAS FOUNDRY COMPANY 
535 LYONS AVENUE 


Stabilization of Stainless 


From page 1232) with 0.07 cal 


mad OSS 
both those 
stabilizing heat treatment and those 
had 


cal bide 


bon 
welds, subjected to a 


not so. treated, satisfactory 


resistance to precipitation 
sensli- 
tizing did not affect this resistance. 
Type 347 had _ better 
the Strauss test than 
gas welded Type 321. These welds 
had heated to 1650° F. for 2 
to 3 min. for The 
bend tests on the welded zone after 
the embrittlement tests required by 
AN-QQ-S757 proved more satisfac- 
tory than All but 
sample, which cracked during prep 
aration, bending 180° 
a diameter equal to twice the 
the material. Com- 
failures on the inside of 
noted in all 


and intergranular corrosion. 
Gas welded 


resistance in 


been 


stress relief, 


expected. one 
withstood 
over 
thickness of 
pression 
the 
Specimens. 

It therefore has been concluded 
that a heat treatment 
exerts but inconclu- 
results on 


bend radius were 


stabilizing 
some small 
sively beneficial Types 
321 and 347 in improving resistance 
to attack by corrosive aqueous solu 
There to be no 
for 


and 


tions. appears 


justification assuming*that any 


substantial practical benefit 
obtained by 


aircraft 


applying this 
exhaust 


will be 
heat treatment to 
manifolds. 

Apart metallurgical 
considerations, the scale formed at 
1600° F. tight and thin 
is not readily removed by the usual 


from. the 


is very and 


acid pickling. Sandblasting or spe 
cial pickling must be used. It would 
fur- 


also necessitate an increase in 


nace capacity since a minimum of 
half an hour at temperature would 
be required instead of the 
10 to 15 min. Another manufactur- 


ing problein which is not as serious 


usual 


from a cost standpoint is the ques- 


tion of warpage on the finished 
part. 

It has long been known that the 
presence of precipitated carbides 
tends to increase the yield strength 
it ore temperature, \ 
by other 
that at 1100° FB. the 
is lowered 10 to 20 
ing heat treatment. results 
tend to the that a 


small amount of carbide precipita 


Om few tests 


investigators indicated 
creep strength 
by the stabiliz 
These 
bear out theory 
tion along the grain boundaries and 
slip planes would enhance the el 
This 
a more important factor in 
the life of an 
manifold actual 


vated temperature strength. 
may be 
determining service 
than 
exhaust 


pa dé 


exhaust any 


corrosion by gases. 
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Sales Representatives in all Prin 











It takes more than at 
to make perfect cast 
tools. Delloy CA tox 
higher red-hardness t 
exclusive casting proce 
casting “control” that 
the “edge” over othe 
are plenty tough 

| sers rt that 


Delloy CA 


than 
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othe 

Perfect 
hetween”’ jobs that 
speed steel and that 
Delloy CA is the to 


your pro luction problet 


angles 


composition, 


in the “middle 


Meanwhile, don’t forget | 


(( -eneral 


Purpose) and 
(Tungsten Carbide), the 
ners of this famous tre 
trio. Together with De t 
are your best answer fo! 
cutting jobs 

Standard tools of all De 
in stock for 
Special tools promptly 


order. Sel d us 


immediat 


your 
blueprint for quotation 


the new Delloy catalog is 


METAL LORPORATION Y 
CUTTING TOOLS 





Affiliate of Ace Manufacturing 
1203 East Erie Ave., Philadelphio 24, Pe 


ol Cities 





ee 














roR SALES APPEAL 
THAT’S BASED ON ADDED VALUE 






















golf clubs that make even 
ro’s” eves sparkle — rust- 


~~ ree 


ebeaters that sell on sight - 
“Seta & 


pots and pans that delight 
vife’s heart lightweight 








PASS 2 eee 


rs that are sold out months 

ce—long lasting industrial 

of every kind that manu- it~ Ve MT, —— 

rs are proud to call their own. hee 
has 


est to the superlative sell- 


yt Stainle ss Stee l. 


| r Ota nless does More than add 
ng beauty. It adds 
toughness and stamina. It performance that can be obtained forms, sizes and finishes obtainab!l 
resistance to heat, weal with Stainless. vou can build into anvwhere 
ision It insures practical your product at low cost by the (ur engineers are S] clalists im the 
to corrosion, stain and tar- proper use of the right grade of solving of new and unusual problems 
ins easy cleaning... long U-S-S Stainless Steel. in the use of Stainless. Their practi 
hard usage . . goodness A service-tested, perfected steel, cal assistance ts backed by th 
lot wear off. No wonder U-S-S Stainless will meet practically laboratory and research facilities of 
Steel today, stands at the any application and fabricating re- the world’s largest producers of fu 
n popular preference, quirement. It is available not only steel. Both are at your s 
rmanent good looks, greater in many different analvses but ts pro vou use U-S-S Stainless to 
and superior mechanical duced in the most complete range of conomic advant 


U°S'S STAINLESS STEEL 


SHEETS SYRIP PLATES - BARS - BILLETS - PIPE - TUBES - WIRE - SPECIAL SECTIONS 









AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY. San Francisco 
NATIONAL TUBE COMPANY, /ittshurgh 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 

United States Steel Supply Company, Chicago, 4 arehouse Distributors 
United States Steel Export Company, New York 


UNITED STATES STEEL 
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—-“Falls Brand” Alloys 


“FALLS” No. 11 ALLOY 


makes 


High Electrical Conductivity Copper Castings 
The manufacturing of high electrical conductivity castings is 
no longer restricted to a highly specialized group of foundries. 


It is now open to all foundries. There are no secret arts 
or formulae. 


“FALLS” No. 11 ALLOY: 


degasifies and deoxidizes the copper. 


protects the molten copper from reoxidation up to and 
during the pouring Operation, 


Insuring 
DENSITY, SOLIDITY, and HIGH ELECTRICAL CON. 
DUCTIVITY CASTINGS. 


Write for Complete Details. 








NIAGARA FALLS SMELTING 
& REFINING CORPORATION 


America’s Largest Producers of Alloys 


BUFFALO 17, NEW YORK 











JOHNSION 


CAR TYPE 


FURNACES 


DESIGNED for MORE EFFICIENT HEATING 


JOHNSTON “Reverse Blast” 
Low Pressure Burners assure 
clean, efficient heat. JOHNS- 
TON Valveless Automatic Con- 
trollers provide accurate regula- 
tion of fuel to produce even 
furnace temperature. 


Oil or gas fired. Ample cham- 
ber above top of charge for equali- 
zation of gases. Streamlined 
designed. Heavy steel frame steel- 
cased construction. Roller bear- 
ings for car axles and door hoist 
shafts. Many other practical 
features. 


Do ble ‘ ‘ ce 
Write for Bulletin M-240. Saree Cane Serta 


eaFery 


THE 
MANUFACTURING CO. 
JOHNSION) OHNSION 2825 EAST HENNEPIN AVE 
TTY MINNEAPOLIS 13, MINN 


ENGINEERS & MANUFACTURERS OF INDUSTRIAL HEATING EQUIPMENT 
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Stabilization of Stainless 


(Sfarts on page 1° 
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bides allowable without 
intergranular corrosi 
enhancement of the high 
ture strength of the materi 
be determined. Factual 
lacking but are proved by 


exhaust manifolds in servi hi 

have been given no stabili 

treatment ay 
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Aging of Sintered 
Copper Alloys” 


N THE PREPARATION 

electrical conductivity « 
the purity of the copper p T 
important as well as its density 
internal stress. Electrolytic 
has proven especially suital 
was used in the present wi 

The density as pressed 
sintered increased directly 
compacting pressure. Variat 
the initial pressed density 
the range of 5 to 6 ge pel 
affected only slightly the | 
required to obtain a given re 
density after sintering. Fi 
given initial pressed density, t 
was a straight-line relati 
between both the hardness a 
Sile strength and the re 


density. The initial pressed di 
before sintering and re-p 
had a drastic influence on 
sile strength, which increase 
rially with decreasing 
pressed density. The hardn: 
ues did not indicate the wid 
in tensile strength. The 
amount of cold working r 
by the samples with the low 
tial density resulted in a 
final hardness when re-p! 
identical densities. 

The material with the 
initial (pressed) density h 
lowest electrical conductivil 
ably because of the greater ‘Gy 
of cold work necessary to 
it to a given structure. The 
of the initial pressed densi 
be governed in practice pri 
by the physical (To pa 

*Abstracted from “Notes Cor 
per-Base Compacts and Certal 
positions Susceptible to Pret 
Hardening”, by F. R. Hensel, F 
Larsen and E. F. Swazy Americal 
Institute of Mining and Metalurgic 
Engineers Tech. Pub. No. 181 
Technology, Aug. 1945, 12 p 
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The mighty crawler tractors that carve airports 
and highways out of wastelands are actually mo- 
bile power plants. And these power units are 
made possible by alloy steel! Only alloy steels 
have the qualities of strength and resistance to 
wear necessary for the rugged existence of a 
crawler tractor and alloy steels permit the elim- 
ination of excess bulk and weight. 

Many vital parts of these powerful monsters 
ire built of Wisconsin Alloy Steels. These alloy 


POWER made possible 
by ALLOY STEEL 





steels have proven their quality in thousands of 
applications. Better control, fewer rejections, finer 
steel, are more than slogans to Wisconsin Steel- 
men. They are the very foundation of Wisconsin 
steelmaking tradition. 

Contact Wisconsin's sales and metallurgical 
staffs for the facts you need about alloy steel ap- 
plications. You'll get the benefit of top-flight 
steelmaking “know-how,” because the name 


“Wisconsin” means excellence in alloy steel. 


WISCONSIN STEEL COMPANY 


(Affiliate of International Harvester Co.) 


180 North Michigan Avenue 


STEEL OF SUPERB QUALITY 


WISCONSIN 
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Chicago 1, Illinois 
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10 FANS LIKE THIS Improve the 


Heat Treating of Complete Motor Blocks 


In the plant of one of the country’s largest producers of engine motor 
blocks—complete blocks are heat-treated to relieve stresses and insure 
the uniformity which means so much in the performance of the equipment 
in which these engines are eventually used. 

lo re-circulate the high temperature air in the closed systems through 
which the blocks are passed, and provide the overall uniformity of heat- 
ing—10 MICHIANA High Temperature FANS have been in operation 
for a year and a half in four furnaces —two No. 4's and one No. 5 Fan 
in the engine block heat-treating furnaces—and one No. 3 and one No. 4 
in the two furnaces used for heat-treating cylinder sleeves. Re-circulation 
is claimed to be ¢he solution to the even heat-treatment of engine blocks, 
sleeves and many similar cast parts and products for uniformity and 
control of zone. Suitable fans designed and constructed for long service 
under high temperature conditions are essential to successful, economical, 
re-circulating furnace performance. 

MICHIANA long-life Fans are made of heat-resistant alloys and have 
no screws, bolts, rivets and welds. Vital operating parts can expand and 
contract independently of each other radially and axially eliminating 
distortion and unbalanced conditions. A full range of sizes is avail- 
able in capacities upward from approximately 400 cubic feet of air per 
minute. Our engineering staff can make practical recommendations. 
MICHIANA PRODUCTS CORPORATION, Michigan City, Indiana. 


M | Cc H | A N A Write today “vant teary, 


HIGH TEMPERATURE for New ~ 


Bulletin 645. 
FANS ee i 
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Aging of Copper Alloys 


(Continued from page Ps 
properties concomitant h the 
initial pressed density. 

The optimum density hard 
ness valucs on hot press were 
obtained with a pressing pera 
ture of 750° F. There iS al 
increase in density with pact 
ing temperature. The hardness ya] 
ues were higher than could jy 
obtained in cold worked rought 
copper. The annealing temperatur 
of the hot pressed copper « pacts 
was higher than that of cold worked 
commercially pure copper. Althougt 
hot pressing gives physical proper 
ties that cannot be obtains 1 in any 


other wey, it is seriously handi 
capped by early die failure 

A series of compositions wit! 
additions of nickel, phosphorus 
manganese, chromium, tin, cobalt 
silicon, and titanium hydride was 
investigated. It was necessary { 
carry out all the high temperat 
heating operations in hydroge 
since the alloys would not resp 
properly to the precipitati tre 
ments if the sintering or soluti 
treatment were conducted in ai 
rensile data were determined 
on the more promising all 

Manganese-phosphor 


nickel-tin additions did not pi 
duce appreciable’ preci] ti 
hardening. Promising results wi 
obtained with nickel-phosph 

chromium, cobalt-phosphorus 
nickel-beryllium and_ cobalt-bery 
lium additions. Age hardenab 


alloys with chromium, coba 
beryllium or nickel-beryllium h 
excellent physical and elect 
properties. The additio 
amounts of phosphorus or til 
hydride was beneficial rhe 
nium hydride apparently } luce 
a cleaner material relatively 0 
from oxidation. 

The highest tensile st! gt 
(78,200 psi.) with an el 


conductivity of 41° (ol 
tional standard) was foul 
alloy with 2.5 cobalt a 
beryllium. The equivalent ke 


beryllium alloy had a 
strength of only 52,000 ps! 
electrical conductivity of 61 \ 
alloy with 3° chromiu! 1 
phosphorus and 0.5% ttant 
hydride had a tensile strengt 
52,000 psi. with an electri 
ductivity of 69.1% I.A.C.S. 


The precipitation hat - 


depended upon the soluti 
alloying element in the 
matrix; time, (To } 
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~ “Soe . m 
cue Prete 


tures o complete line of — 
heat-treating equipment 
from furnace parts to 


carburizing retorts and 
muffles— also over 80 
electrical heat and cor 
rosion-resistant alloys for 
the electrical and elec 


tronic industries 


nected ogeiaat the: ane 

NICHROME alloy which net ony wit 
encountered but tar es Ae te 
wear. a oe . 
Driver-Harris manufactures 3 high heat- 
resisting nickel chrome alloys... 


NICHROME*—CHROMAX* and CIMET"; 
a complete line of alloy castings for the 


heat-treating industry. Whatever your <Q NICHROME* CHROMAX* CIMET* 
particular problem may be we can solve . are made only by 


it by using one or a combination of these 
alloys. It will pay you, therefore, to in- 


: . 
ea sagan tg Are ns byte he Driver-Harris 


ALLOYS for HIGH HEAT RESISTANCE”. : nuaft 
COMPANY 


monutact under Driver-Horris Patent No. 2,230,310 *Trade Mork Reg. U.S.Pat. Off HAR R ! S oO N, N. J ° 


BRANC . 
NCHES Chicago . Detroit . Cleveland Los Angeles Son Francisco Seattle 
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METAL CONGRESS LECTURES 


CORROSION of METALS 


Now Available in Book Form 


An excellent reference text on corrosion com- 
posed of five educational lectures presented at 
the February, 1946, National Metal Congress 
by outstanding specialists in this field. 


The first lecture, covering basic principles, is writ- 
ten largely on the theme of corrosion reaction rates. 
Chemical attack is discussed from the standpoint of 
surface film formation and characteristics. Similarly, 
electrochemical corrosion is discussed primarily from 
the standpoints of the intensity and the relative dis- 
tribution of the corrosion. Those factors which may 
influence the rate of reaction and the localization of 
attack are considered. 


The second lecture considers the effect of compo- 
sition and environment on corrosion of iron and steel, 
and discusses separately the four natural media in 
which iron and steel are used—namely, atmosphere, 
fresh water, sea water and soil. Variables in the 
medium under discussion are covered in detail. 


Stainless steels and the high nickel alloys are the 
subject of the third lecture, which summarizes and 
tabulates the large mass of data available on these 
alloys. Effects of composition, heat treatment, sur- 
face condition, environment, and stress are discussed 
in detail. Curves and tables are included. 


Corrosion behavior of the light metals, aluminum 
and magnesium, is explained in the fourth lecture 
largely on the basis of electrochemical theory, 
although chemical corrosion is not neglected and the 
formation of surface films, so important in these 
alloys, is described in detail. Methods of test and 
test results are given at length. 


The final lecture covers the copper alloys, long 
known for their stability and resistance to deteriora- 
tion. Specific applications for which they are best 
suited are tabulated, and the methods by which cop- 
per alloys corrode are shown to be by general or 
uniform thinning, pitting, dezincification, stress cor- 
rosion and corrosion fatigue cracking, and intercrys- 
talline solution. Detailed data included. 


192 pages ... 70 illustrations...6x9... 
red cloth binding . . . $3.00 


PSN 


ORT ee 


ww ASH TECHNICAL BOOKS 





QI, AMERICAN SOCIETY FOR METALS 


7301 EVCLID AVENUE CLEVELAND 3, OHIO 
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Aging of Copper A\lloys 


(From p.1238) temperat 
size and type of particl 
tributing factors. ] 
characteristics were ny 
different from those o 
alloys but the sintered a] 
decreased tendency tov 
aging. The alloys with rylliuy 
were susceptible to the rmatio 
of a soft skin caused by th. partia 
oxidation of the berylli The 
addition of 0.2 to 0.3' Phosphorus 
greatly reduced or retarded th, 
formation of the soft shell and dig 
not adversely affect the precipita 
tion hardening characteristies. & 


New Solution for 


Aluminum Welding” 


ESTS WERE MADE to devek 

room temperature solution 
preparing alclad 24S-T for gs 
welding. Contact resistance meas 
urements were used to indicate the 
weldability of the aluminum all! 
The following solutions were felt t 
be unsuitable for production: 1 
10% acetic acid + 0.05 to 0.3 
ammonium bifluoride; 1 acet 
acid + 0.1% sodium or a! 
fluoride; 10 to 15% sulphuri 

10 to 15% phosphoric a 
sulphuric acid + 0.025 
sodium fluoride; 2% hyd: 
acid + 3.1% boric acid; 3.1 
acid + 1% sodium fluorid 
oxalic acid; 1 to 15% phosph 
acid; and 0.2 to 1% hyd 
acid. All solutions contai 
addition of wetting agent 

Many of these solutions ° 
critical from the stand] 
time, temperature or conc 
limits. Some of them also p! 
a milky surface on the all 
over, a number had a severt 
tion in use since ther 
simple method of measur) 
activity other than by 
resistance measurements 
titration of these mixturt 
not indicate the concent! 
the critical compounds. ! 
Koldweld processes had 
disadvantage. (To ] 

*Abstracted from “T! 
Treatment at Room Temp 
Aluminum Alloys for Spot 
by W. F. Hess, R. A. Wyant 
Averbach. Welding Journa 
Research Supplement, Sept 
417s-435s. 
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How to make the “Lung” 


Thermostatic Trap 


‘ 

Some years ago a company whose name you 
know as well as your grandmother's had to 
create and construct a diaphragm for their 
steam heating trap. 


Though this may seem a reasonably simple 
assignment, material for such a diaphragm 
requires many coordinated properties. It 
must be elastic and non-corroding under 
widely varying temperatures and pressures, 
Strong, solderable, and free from surface im- 


















perfections which might lead to early failure. 


Riverside Phosphor Bronze did the trick... 
and it has stayed on this job for years because 
it has all the needed properties. Its uniform 
structure and thickness make standardiza- 
tion easier, and Phosphor Bronze by Riverside 
helps to keep customers friendly and warm. 
Look into customized Riverside Phosphor 
Bronze, Nickel Silver and Beryllium Copper 
for your applications. 


INSIDE RIVERSIDE — Every order we receive extends our lead time (it's long 


now) and increases our headaches. Rather than take an aspirin, however, we've 


rolled up our sleeves to get your work out. We're going to keep pushing until 


we've finished the job. That’s a promise. 





RIVERSIDE 
9 04 5) SD 0) DED Oy VY Fe OLD 8 7, 0. ® 


NEW YORK CHICAGO 


RIVERSIDE e NEW JERSEY 
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HARTFORD CLEVELAND 











and CONDITIONED 
METAL SURFACE 


FOR DURABLE 
LUSTROUS FINISH 


ACP CHEMICALS 


PROPERLY CLEAN 
and PREPARE 
METAL SURFACES for 
ORGANIC FINISHES 


Prevent paint failures 
Minimize rejects 
Assure enduring 
lustrous finishes 











COLD SPRAY-GRANODINE produces a 
dense smooth zinc phosphate coating that 
protects steel and paint for a durabe, 


lustrous paint finish 


THERMOIL-GRANODINE creates a heavy 
coating of iron and manganese phosphate 
which when oiled retards corrosion and 
prevents excessive wear on friction sur- 
faces. When painted provides unusual 
protection 


DURIDINE 210 B (formerly 210 B Deoxi 
dine) assures proper cleaning and a thin, 
tight and relatively hard phosphate coat- 
ing so essential to a bright enduring paint 
finish 

DEOXIDINES — Phosphoric acid metal 
cleaners. Remove rust and rusters and 
prepare metal surfaces properly for last- 
ing paint finish 
LITHOFORM 
bonds paint to galvanized, zinc or cad- 
mium coated surfaces. 


a phosphate coating that 


American Chemical Paint Co. 
AMBLER] — | | on 


LLU d corenm 








Aluminum Welding 


(Continued from page 1240) 

Kelite K-1 was capable of treat 
ing aluminum surfaces at room 
temperature, while several of the 
acid plus fluoride salt combinations 
could be used if surface resistance 
measurements were used for con 
trol purposes. A 15 solution of 
phosphoric acid could also be used 
although it was unusually sensitive 
to temperature changes. 

However, one very satisfactory 
solution was developed with hydro- 
fluosilicic acid. The best results 
by volume 
solution of acid with 0.1% by weight 
of Nacconal NR. The time varied 
with gage and temperature. For 
bath temperatures of 65 to 85° F., 
the time increased from 6 min. for 
0.020-in. sheet to 10 min. for 
0.064-in. sheet. The desirable char- 
acteristics included room tempera- 


were obtained with a 3° 


ture operation, a simple mixture, a 
short treatment time, low cost and 
no health hazard. Also, a_ bright 
smooth finish was obtained on 
alclad material. Rapid and precise 
control was possible by means of a 
simple titration. 

This solution was successfully 
tried in production at one plant. 
Assemblies could also be treated 
provided the clearance between 
faying surfaces was sufficient to 
allow rinsing. Recent 
experience has indicated that a 
15° solution may be_ preferable 
for aleclad 24S-T and some of the 
newer alloys such as R301T. 

Air and nitrate treated alclad 


adequate 


24S-T responded differently to 
every chemical surface treatment 
tested. Material heat treated in air 


was more critical, responded more 
rapidly and showed erratic surface 
resistances. This 
probably caused by the diffusion of 
copper through the cladding, as the 


difference was 


result of the longer heating times 
for air treated stock. 
equally consistent welds could be 
produced in either type of material. 
The indications were that very 


However, 


large changes in surface resistance 
were necessary to alter appreciably 
the weld strength. 

The room temperature solutions 
were completely unsatisfactory for 
the treatment of bare 24S-T. A 2% 
nitric acid solution at 180° F. gave 
uniformly low surface 
and consistent welds in this type 
material. It could also be used for 
alelad materials if necessary. 6 


resistance 
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Gives Continued Accuracy 
Rapid Measurements 
THE CLARK has everyth 


want in a hardness tes direc 


BR Y< 


reading precision dial, durable con 
struction, ease of servicing Threa 
standard models shipped complete 
with weights, dust protectors, dia 
mond and steel penetrators, tesg 


blocks, and anvils 


CLARKATOR CHECKS DIAL INDICATORS wict 


micrometer speed and sine bar ac- 





curacy. Easy to operate—just four 





simple steps. Complete  instruc- 






tions, perma- 





nently fas- 





tened to base. 





MASTER DIAMOND 
CHECKING SET elimi- 
nates hardness 
tester errors. 
Consists of a mas- 
ter diamond pen- 
etrator and two 
test blocks. Pre- 
cision is assured 
over a long pe- 
riod because the 
set is used only for 
checking Fur- 
nished in leather 
case. 













Learn the truth 
abour hardness 
testing! This 20- 
page reference 
manual (right) 
contains infor- 
mation on his- 
tory, theory, prac- 
tice, and equip- 
ment for modern 
hardness testing 
Available to ex- 
ecutives without 
charge. Write 
Dept. MMS to- 
ay! 
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MASTER DUMOND 
CHECKING SEI 











CLARKATOR CHECKS DIAL 
INDICATORS 


CLARK 


INSTRUMENT, INC. 


Dearborn, Mich. | 


10200 Ford Road . 





























